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Douglas YC-121B powered by four 5550 h.p. Pratt & Whitney T-34 turboprop engines. 


How the Holley “hidden co-pilot’”’ 


does two jobs with one handle control! 


Throughout the entire oper- 
ational range of the new 
Douglas YC-124B, engine 
power and propeller gover- 
nor setting must be precisely co- 
ordinated. This has always been a 
“two-handle” job but in this new 
airplane the job is done with a 
single control lever and the help 
of a Holley Power Control which 
functions like a “‘hidden co-pilot”. 


One of these controls installed on 
each 5550 horsepower Pratt & 
Whitney Aircraft T-34 engines 
automatically senses altitude, air 
temperature and speed and feeds 


LEADER IN THE DESIGN 


the information to its nerve center 

a series of precision manufactured 
3-dimensional cams. These cams 
continuously interpret this infor- 
mation in terms of engine power 
which is automatically adjusted 
through precise metering of fuel 
by the control. 


The Holley Power Control not 
only coordinates the engine and 
propeller for all forward thrust con- 
ditions but also controls the vital 
reversing of thrust necessary to 
reduce the aircraft’s landing roll. 


Designed, developed and manu- 
factured by Holley, the “hidden 


AND MANUFACTURE OF A 


co-pilot” is dependable, easy to | 
service, compact and lightweight— | 
four qualities that always dis | 
tinguish Holley aviation equip: 
ment. 
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Cover—A Chance Vought F7U-3 Cutlass (left) from Naval Air Develop- 
ment Squadron Three, based at the Naval Air Station in Atlantic City, 
N.J., takes on fuel in mid-air from a North American AJ-2 tanker. This 
picture was taken by a photo plane flying directly overhead. The first 
squadron of the fast twin-jet, tailless fighters is now on sea duty in the 
Far East with the carrier “Hancock.” 
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IS THE 
WORLD'S LARGEST 
PRODUCER OF 
READY-TO -INSTALL 
POWER PACKAGES 


FOR AIRPLANES » but that's only part of the Robr Story 


ROHR has won fame for becom- 
ing the world’s largest producer 
of ready-to-install power packages 
for airplanes like the all-jet Boeing 
B-52, the Douglas DC-7 and other 
great military and commercial 
planes. 
But the whole ROHR story is in | 
millions of parts, for in 
addition to power 

J) packages ROHR builds 
j over 30,000 other dif- 

' y ferent parts for aircraft 
S27” of all kinds. 


When you want aircraft parts better, 
faster, cheaper. ..callon ROHR 
and the ROHR engineering skill 
and production know-how gained 
from building thousands of power 

packages—and millions of other aircraft parts. 


AIRCRAFT CORPORATION 


CHULA VISTA AND RIVERSIDE CALIFORNIA 
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ALIFORNIA 


1.A.S. News Notes 


November 1955 


- TECHNICAL FILM CATALOG, Undercontract withARDC, the IAS has indexed 


1,500 technical motion picture films in fields of interest to the Air Force. 
Descriptions of the films, both classified and unclassified, are on file at the 
San Diego office of IAS, 3380 North Harbor Drive. The IAS will serve as a 
clearing house, referring a member who wants a motion picture on a particu- 
lar aviation subject to the company or governmentagency thathas such a film, 


FELLOWSHIP OPEN, The IAS is inviting applications from seniors and gradu- 
ate engineers for another 2-year Fellowship in Flight-Test Engineering con- 
tributed by an anonymous donor. Candidates must be U. S. citizens and have 
a B.S.in Engineering (preferably Aeronautical Engineering) by next June. The 


winner will enter Princeton University as a graduate student in September. 
See next month's Review for details. 


TRIBUTE TO VON KARMAN, A book entitled Selected Papers on Engineering 
Mechanics" has been published as a tribute to Theodore von Karman, Honorary 
Fellow of the IAS. It contains ten papers, with illustrations, written by his 
former students andassociates of the Aerodynamics Institute at the Technische 
Hochschule Aachen, Germany. The 186-page volume, published by Butter- 


worths Scientific Publications, London, England, will be reviewed in the next 
issue by William Bollay, FIAS. 


REVISED MANUALS for Section Officers and Student Branch Officers have been 
published by IAS Headquarters. The Minta Martin Aeronautical Student Fund 


sponsored the second booklet, which tells how to establish a college unit and 
describes its functions and benefits. 


NATIONAL MEETINGS CALENDAR 


Nov. 3-4 International Meeting of the Canadian Aeronautical Institute and 
the IAS, Chateau Laurier, Ottawa, Ontario, Canada. 

Dec, 17 Nineteenth Wright Brothers Lecture, U.S. Chamber of Commerce 
Building Auditorium, Washington, D. C. 

Dec. 20 


Wright Brothers Lecture (Repeated), IAS Building, Los Angeles. 

Dec. 22 Wright Brothers Lecture (Repeated), Lewis Flight Propulsion 
Laboratory, NACA, Cleveland. 

Jan, 23-26 Twenty-Fourth Annual Meeting, Sheraton-Astor Hotel, New York. 

Jan. 23 Honors Night Dinner, Sheraton-Astor Hotel, New York. 

Mar. 9 Flight Propulsion Meeting (Confidential), Hotel Carter, Cleveland. 

June 18-20 Summer Meeting, IAS Building, Los Angeles. 


JOINT MEETINGS CALENDAR 


Nov. 14 ASME-IAS Air Cargo and Heavy Press Sessions, Congress Hotel, 


Chicago. 
Dec, 12-16 Nuclear Engineering and Science Congress, with Engineers Joint 
Council, Municipal Auditorium, Cleveland. 
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SECTION MEETINGS CALENDAR 


Hampton Roads Section: NACA Admin, Bldg., Langley AFB, 8 p.m. 
"Some Considerations of Design and Applications of Jet VTO-Type 
Aircraft" by Robert A. Fuhrman and John M. Herald, Ryan Aero. Co. 
Boston Section: M.I.T. Faculty Club, 8 p.m, "Flight Control" by 
C. S. Draper, Head of Dept. of Aero Engineering, M.I.T. 
Philadelphia Section: Joint Meeting with The Franklin Institute at 
Franklin Institute. Reception 6:30 p.m., Dinner 7 p.m., Meeting 
8:15 p.m. "The Strategic Air Gommand:Its Composition and Mission" 
by Brig. Gen. R. M. Montgomery, USAF, Chief of Staff, SAC. 


9 -Chicago Section: Argonne National Laboratory. Dinner 6 p.m., Dis- 


10 


15 


15 


15 


17 


21 


29 


cussion and Film 7p.m, ''The Nike Defense Program" by Brig. Gen. 
M. S. Carter. Visit to Nike Site at 8:30 p.m., with demonstration 
by ''C" Battery, 86th Battalion, 5th Anti-Aircraft Regional Command. 
Dayton Section: Miami Hotel. Reception 6 p.m., Dinner 7 p.m., 
Meeting 8 p.m, "Decision for Air Progress" by Brig. Gen. Thomas 
L. Bryan, Jr., Gommander of WADC. 

Niagara Frontier Section: Airways Hotel, Buffalo Airport, Reception 
7:30 p.m., Meeting 8 p.m. "The Evolution of Flight Control" by 
Charles S. Draper, Head of Dept. of Aero Engineering, M.I,T. 
Columbus Section: Deshler Hilton Hotel, 6:30 p.m. "Controlled 
Weather" by E. J. Workman, President of New Mexico Institute of 
Mining and Technology. 

Cleveland -Akron Section: Tour of ALCOA's Hydraulic Press and 
Heavy Press Plants at4p.m., followed by Dinner Meeting at Hollenden 
Hotel, Cleveland. Reception 6:15 p.m., Dinner 7 p.m., Meeting 8 p.m. 
"The Role and Success of Seaplanes in the U.S. Navy" by Rear Adm. 
James S. Russell, Chief of Bureau of Aeronautics, 

Hagerstown Section: Museum of Fine Arts. J. H. Reisner will dis- 
cuss the British Aircraft Industry's show at Farnborough, 

Los Angeles Section: Specialist Meeting at IAS Building, 8 p.m, "A 
Theory of Turbulent Flame" by John M, Richardson of Ramo-Wool- 
dridge Corporation, 

Los Angeles Section: LAS Building. Reception 6p.m., Dinner 7 p.m., 
Meeting 8:30 p.m. ''The Safe Airplane" by Brig. Gen. Joseph D. 
Caldara, Director of Flight Safety Research, USAF. 

Indianapolis Section: Dinner Meeting at Purdue University. Topic: 
"Rockets to the Moon," 

Los Angeles Section: Specialist Meeting atIAS Building, 8 p.m. ''Dis- 
cussions in Aerodynamics" by Robert T.Jones of Ames Aeronautical 
Laboratory, NACA. 

Los Angeles Section: Fall Dance at IAS Building, 8:30 p.m. 
Philadelphia Section: Penn-Sherwood Hotel. Reception 6 p.m., Din- 
ner 7 p.m., Meeting 8 p.m. "Naval Aeronautical Research Programs" 
by Rear Adm, William A. Schoech, Asst. Chief BuAer for R&D. 
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IAS News 


Wright Brothers Lecture by R. L. Bisplinghoff 


A Record of People 
of Interest ta Institute Members 


M.I.T. Professor Chosen to Deliver Paper December 17 


Discussing Structures and Aeroelasticity 


AYMOND L. BISPLINGHOFF, AFIAS, Professor of Aeronautical Engineering at 
Massachusetts Institute of Technology, has been invited to deliver the Wright 
Brothers Lecture this year. He chose as his topic ‘‘Some Structural and Aeroelastic 


Considerations of High-Speed Flight.”’ 

The nineteenth annual lecture, mark- 
ing the fifty-second anniversary of the 
Wright Brothers’ flight, will be held on 
Saturday afternoon, December 17, in the 
auditorium of the U.S. Chamber of Com- 
merce Building, Connecticut Ave. and H 
St., N.W., Washington, D.C. Tradi- 
tionally, the lecture attracts many of 
the nation’s leading aeronautical en- 
gineers and research scientists. All 
members of the [AS are welcome. 

A member of the M.I.T. faculty since 
1946, Bisplinghoff is Director of the 
Aeroelastic and Structures Research 
Laboratory of the Department of Aero- 
nautical Engineering and Professor in 
charge of the Structures and Aeroelastic- 
ity Divisions of Instruction, Depart- 
ment of Aeronautical Engineering. The 
laboratory’s work is devoted almost 
entirely to structural and aeroelastic 
problems of high-speed flight. 
> The paper to be presented will review 
the demands of high-speed flight upon 
aircraft structures and will summarize 
some of the analytical and experimental 
methods available to meet these de- 
mands. Because of the classified nature 
of much of the material pertinent to the 
lecture, an attempt will be made to 
emphasize the more fundamental analyt- 
ical and experimental aspects of the 
subject. 

“The dominating factors in structural 
design of high-speed aircraft are ther- 
mal and aeroelastic in origin,’’ Bispling- 
hoff pointed out. ‘The subject matter 
of the lecture will be concerned largely 
with a discussion of these factors and 
their interrelation with one another. 
Structural trends of aircraft since 1903 
will be discussed first. The influences 
of increasing speed and dynamic pres- 
sure on these trends will be emphasized. 
This discussion will include trends in 


structural configurations, stress levels, 
structural weight, and structural fre- 
quencies. 

“The major part of the paper will be 
devoted to structural and aeroelastic 
problems of manned aircraft of the im- 
mediate future. This discussion will 
include such topics as: (1) the load 
and thermal environment; (2) internal 
and external heat exchange of the struc- 
ture; (3) material behavior under an 
elevated temperature environment; (4) 
thermal stresses and distortions; (5) 
deterioration of structural stiffness in 
the presence of an elevated temperature 
environment with temperature gra- 
dients; (6) aerothermoelastic problems; 
and (7) structural response and modes of 
failure due to combined load and ther- 
mal inputs. 


‘‘Means of alleviating structural and 
aeroelastic problems of high-speed flight 
will be summarized briefly. This sum- 
mary will include thermal considerations 
such as insulation, cooling, and new ma- 
terials and aeroelastic considerations of 
various lifting surface configurations. 

‘Finally, there will be a discussion of 
future requirements for structural and 
aeroelastic research and development to 
meet high-speed problems. This dis- 
cussion will be concerned mostly with 
(1) desirable directions of new research; 
(2) physical equipment required; and 


? 


(3) sources of man power.”’ 


> A native of Hamilton, Ohio, Bispling- 
hoff attended the University of Cin- 
cinnati for 7 years, receiving a degree in 
Aeronautical Engineering and a Mas- 
ter’s degree in Physics. Graduating with 
the Class of 1940, he won a research fel- 
lowship to study X-ray diffraction and 
subsequently became an Instructor in 
Aeronautical Engineering. He also 
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Raymond L. Bisplinghoff 


spent a year with the Vibration and 
Flutter Unit at Wright Field, participat- 
ing in aircraft structural and engine 
vibration work. He has been flying 
light planes since 1937. 

Before joining the M.I.T. faculty, 
Bisplinghoff was an engineering officer 
in the Applied Loads and Structural Dy- 
namics Sections of the Navy Bureau of 
Aeronautics, Washington. 

At present, Bisplinghoff is a member 
of the NACA Subcommittee on Air- 
craft Structures. From 1948 to 1951 he 
belonged to the NACA Committee on 
Aircraft Construction and was Chair- 
man of the Subcommittee on Vibration 
and Flutter. He has served as consult- 
ant to the Air Research and Develop- 
ment Command, USAF; the Armed 
Forces Special Weapons Project; and 
several air-frame companies. 

A book entitled Aeroelasticity, of 
which Bisplinghoff is a coauthor, was 
published last month. 

An Associate Fellow of the IAS, 
Bisplinghoff serves on the Editorial 
Committee of the JOURNAL OF THE 
AERONAUTICAL SCIENCES, evaluating 
papers on Vibration and Flutter which 
are submitted for publication. He was 
Chairman of the Boston Section in 
1951-1952 and formerly Vice-Chairman. 

He will repeat the Wright Brothers 
Lecture in Los Angeles December 20 
and in Cleveland December 22. 


VTE 0 
SEZ 
Pay 
y 
e 
by 
at 
n' 
n. 
on 
d. 
as 
by 
ed 
of 
and 
1en 
is- 
D. 
is- 
cal 
in- 
= 


Second National Turbine-Powered Air Transportation 


The Seattle Section, headed by 
Chairman J. E. Barfoot and Program 
Chairman G. W. (Bill) Taylor, staged 
a Second National Turbine-Powered 
Air Transportation Meeting in August 
that proved as successful and interest- 
ing as the first one initiated a year ago. 
Aided by the hospitality of Boeing 
Airplane Co. and its officials, the local 
committees presented a 3-day pro- 
gram that evoked well-deserved praise 
from the more than 450 people who 
attended. 
>» Technical Sessions—Fifteen papers, 
covering everything from design to 
the practical operation of turbine- 
powered aircraft here and abroad, 
were read and discussed during the 
conference. Fourteen of the papers 
presented, and shown on the program 
below, have been reproduced in a single 
volume of Proceedings. Copies of 
these are now available through the 
Institute’s Publications Department. 
(See pp. 144 and 149.) 


Program 


Monday, a.m. August 8 


Chairman: R. Dixon SPEAS 
Aviation Consultant 


Small Turbine Thrust Augmentation for 
Transports—W. H. Arata, Jr., Chief 
Operations Engineer, Fairchild Aircraft 
Division, Fairchild Engine & Airplane 
Corp. 

United States Airworthiness Performance 
and Operating Rules as Applied to the 
Viscount—D. J. Lambert, Chief De- 
velopment Engineer (Civil), Vickers- 
Armstrongs Ltd. (Aircraft Division). 

Large Water-Based Turbojet Aircraft in 

the Transport Role—C. F. Bell, Project 
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Meeting Report 


Engineer, Advanced Design Depart- 


ment, The Glenn L. Martin Co. 


Monday, p.m. August 8 


Chairman: WILLIAM LITTLEWOOD 
Vice-President, Research & Development, 
American Airlines, Inc. 


Considerations on Design and Develop- 
ment of SE 210 ‘‘Caravelle’’—Jacques 
LeCarme, Technical Adviser and Test 
Pilot, and Jean P. Gelos, Airlines Tech- 
nical Relations Engineer, Société Na- 
tionale de Constructions Aéronautiques 
du Sud-Est. 

Characteristic Qualities and Design Prob- 
lems of the Fokker F-27 Twin-Propeller 
Turbine Transport—H. C. van Meerten, 
Sub-Director, Chief Engineer, N. V. 
Koninklijke Nederlandse Vliegtuigen- 
fabriek “‘FOKKER.” 

Effect of Civil Turbine-Powered Transport 
Aircraft on the Air Traffic Control Sys- 
tem—C. W. Carmody, Chief, Opera- 
tional Procedures Branch, Civil Aero- 
nautics Administration. 


Tuesday, a.m. August 9 


R. W. RUMMEL 
ineer, Trans World Airlines, Inc. 


Chairman: 
Chief Eng 


Operational Experiences with Turbo-Prop- 
Powered Transport Aircraft—J. T. Dy- 

Director of Engineering, Trans- 
Canada Air Lines. 

Ground Handling of Jet Transports—R. 
D. Kelly, Superintendent, Technical 
Development, United Air Lines. 

Weather on the North Atlantic and Jet 
Airliner Operation—-E. B. Buxton and 
Pan American World Airways System, 


ment, 


Chandler, Meteorological Office, 


Atlantic Division. 


Scenes at Seattle's Sucok Hotel fades technical sessions (left) ory the Turbine-Powered Air Transportation Meeting dinner (right). 


Tuesday, p.m. August 9 


Chairman: Lt. GEN. JOSEPH SMITH, USAF 
Commanding General, Military Air 
Transport Service 


Report from the Airport Noise Front— 
Vice-Adm. Charles E. Rosendahl, USN 
(Ret.), Executive Director, National 
Air Transport Coordinating Conimittee, 

The Role of the Turbine-Powered Sea- 
plane in the Air Logistic Arm of the 
Navy—Rear Adm. J. S. Russell, USN, 
Chiet, Bureau of Aeronautics, Depart- 
ment of the Navy. 

Economics of the DC-8—I. 
Chief Project Engineer, 
Santa Monica Division, 
craft Co., Inc. 

Technical Development and the Com- 
mercial Requirement—C. H. Jackson, 
Manager, Operations Development Unit, 
British Overseas Airways Corp. 


L. Shogran, 
DC-8 Series, 
Douglas Air. 


Wednesday, a.m. August 10 


Chairman: CHARLES FROESCH 
Vice-President—Engineering, Eastern 
Airlines, Inc. 


J47 Operating Experience, 11,000 Hoursa 
Day—R. E. Small, Manager, Market- 
ing, and J. D. Wethe, Manager, Prod- 
ucts Service, Jet Engine Department, 
General Electric Co. 

Boeing 707 Program, Progress Report— 
George C. Martin, Chief Engineer, Boe- 
ing Airplane Co. (A Panel of Boeing 
Engineers will supplement this pres. 
entation). 


Dinner—Peter Masefield, Chie 
Executive of British European Att 
wavs, was principal speaker at af 
dinner held on the evening of August8. 
Continued on opposite page) 
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IAS NEWS 


Guggenheim Medal Awarded te van Karman 


Theodore von Karman, Professor Emeritus of California 
Institute of Technology and Chairman of NATO’s Advisory 
Group for Aeronautical Research and Development, has 
been chosen to receive the Daniel Guggenheim Medal for 
1955. The medal will be presented by proxy, since von 
Karman, who is now living in Paris, will be unable to attend 
the American Society of Mechanical Engineers’ Joint Honors 
Luncheon in Chicago on November 17. 

In selecting von Karman, the 24 members of the Daniel 
Guggenheim Medal Board of Award cited him for “long- 
continued leadership in the development of aerodynamic 
theory and in its application to the practical problems of 
flight; in education in the aeronautical sciences; and in stim— 
ulating international cooperation in aeronautical research.”’ 
L. B. Richardson, FIAS and Past President, IAS, was Chair- 
man of the Board of Award this vear. 

Born in Budapest, Hungary, in 1881, von Karman was 
graduated from the Royal Technical University, Budapest, 
in 1902. He obtained his M.S. and Ph.D. at the University 
of Goettingen, Germany, in 1908. Since then he has been 
given six honorary degrees and numerous professional honors. 
He became a citizen of the United States in July, 1936. 

The noted aerodynamicist and educator has exerted a 
great influence on the development of high-speed aircraft. 
After 18 years as Professor of Aeronautics at the University 
of Aachen, Germany, he came to America in 1929 to join the 
faculty of California Institute of Technology as Professor of 
Aeronautics and Director of the Guggenheim Aeronautical 
Laboratory. He retired from Caltech in 1949. He has 
been a consultant for several companies, including Northrop 
Aircraft, Inc., and General Electric Company, and was a 
founder of Aerojet-General Corporation. 

During World War II, von Karman was named Chairman 
of the Scientific Advisory Board of the U.S. Air Force. He 
also has served the Government as a member of the National 
Advisory Committee for Aeronautics and the Office of Scien- 
tific Research and Development, as Chief Scientific Adviser 
to the Arnold Engineering Development Center of the USAF 
at Tullahoma, Tenn., and as a consultant to the Army and 
Navy. 

As a scientist, von Karman is best known for his theories 
of the vortex motion and turbulence in fluids and for his work 
in supersonic aerodynamics. He has made many contribu- 
tions to the theory of elasticity, to our knowledge of strength 
of materials, and to hydrodynamics, thermodynamics, and 
aerodynamics. 


Among von Karman’s many honors and decorations are 
the Medal for Merit, the John Fritz Medal, the Kelvin Gold 
Medal, the ASME Gold Medal, the Franklin Medal, the 
Sylvanus Albert Reed Award, and the Wright Brothers 
Memorial Trophy. He is an Honorary Fellow of the IAS 
and the Royal Aeronautical Society and belongs to a score of 
other professional societies. He is a Foreign Member of the 
French Academy of Sciences and a Commander in the French 
Legion of Honor. He delivered the Wright Brothers Lecture 
in 1946. 

The Guggenheim Medal was established in 1928 as an 
international award to honor those persons who have made 
notable achievements in the advancement of aeronautics. 
The privilege of making the presentation rotates each year 
with the ASME, IAS, and Society of Automotive Engineers. 


His address may be found on page 40) 
of this issue. 

Remarks by Boeing’s President, 
William Allen, and Engineering Vice- 
President, Wellwood Beall, who served 
as toastmaster, were other highlights 
of the evening’s program. This was 
attended by approximately 500 people. 
> Boeing Plant Tour—Registrants at 
the technical sessions were guests of 
the Boeing Airplane Company for the 
final afternoon of the meeting, August 
10. Luncheon, served in the cafeteria 
of the Seattle plant, was followed by a 
tour of the plant and a visit to the 
Flight Center. Here, the visitors 
Witnessed a load-test take-off of the 


21 and 22. 
Representative 


Roosevelt Hotel. 


Boeing 707 jet transport 
climax to a highly successful meeting. 


Helicopter Society Holds 
Second Western Forum 


The American Helicopter Society's 
Second Annual West Coast Forum was 
held in Hollywood, Calif., on September 


Carl M. 
MIAS, of California, spoke at the West- 
ern Forum Dinner at the Hollywood 
Clarence M. Belinn, 
MIAS, President of Los Angeles Air- 


-a fitting ways, Inc., spoke at a luncheon the fol- 
lowing day. 

At a session on ‘‘Design,’’ the follow- 
ing papers were presented: ‘‘Some 
Stability Problems of Vertically Rising 
Aircraft,’’ by Charles H. Zimmerman, 
AFIAS, National Advisory Committee 
for Aeronautics; ‘‘Design Requirements 
for Commercial Transport Helicopters,”’ 
by Robert L. Lichten, MIAS, Bell Air- 
craft Corporation; and “Structural De- 
sign of Rotor Blades Having Spanwise 
Discontinuities,’’ by E. B. Kuhns, Hiller 
Helicopters. 

Three papers were presented at the 
“Development” session: ‘Some Aero- 
dynamic Problems of the Tandem,” by 


W.A.S. 


Hinshaw, 
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W. Z. Stepniewski, AFIAS, Piasecki 
Helicopter Corporation; ‘“‘Development 
of the Air-Borne Personnel Platform,” 
by Arthur Robertson, Hiller Helicop- 
ters; and ‘‘Development and Service 
Testing of the Bell 47] Helicopter,” by 
J. Robert Duppstadt, MIAS, Bell Air- 
craft Corporation. 

Four papers on “‘Operations’’ were 
contributed: “Cost of Operation and 
Maintenance of Army Aircraft,’ by 
Major H. P. Crane, USA; “Helicopter 
Instrumentation,’”’ by Comdr. George 
W. Hoover, USN; ‘‘Economics of Var- 
ious Configurations of Vertical-Lift Air- 
craft,’ by William M. Crilly, Planning 
Research Corporation; and ‘‘Anti-Sub- 
marine Warfare Helicopter Work,” by 
Comdr. D.G. Woosley, USN. 

Donald A. Justice, MIAS, led a panel 
discussion on ‘‘Power Plants.” 


Jack Frye Announces 
New “Economy” Transport 


Jack Frye, FIAS, President and 
Chairman of The Frye Corporation, 
Fort Worth, Tex., revealed plans for a 
new cargo-passenger transport plane at 
a recent press conference in New York. 

The former President of Trans World 
Airlines, Inc., said the Frye transport, 
accommodating 50 to 60 passengers, was 
designed to replace the DC-3 for short- 
haul operations and to extend eco- 
nomical air transport to small cities and 
remote areas where it is impractical to 
construct the kind of airports required 
by commercial airplanes now in use. 

The prototype, he said, will be com- 
pleted and test-flown next year. Plans 
call for production of the plane in 1957 
under contract with an existing air- 
craft manufacturer. It will be priced 
at about $350,000. 

Powered by four 600-hp. Wasp en- 
gines, the high-wing monoplane will 
have extremely light wing loading, per- 
mitting it to take off and land at 55 
m.p.h. in a distance of 1,000 ft. Pro- 
vision will be made for installing turbo- 
prop engines and boundary-layer control 
at a later date. Total pay load was 
said to be 14,000 Ibs., cruising speed 150 
m.p.h., and top speed 170 m.p.h. 


Jack Frye 


By restricting the load to 40 or 50 
passengers and the range to 250 miles, 
Frye said, it will be possible to operate 
the transport out of small, unpaved air- 
ports about half as large as a DC-3 re- 
quires. 

“Extreme attention is being given,” 
he said, “‘to simplicity of design, struc- 
tures, layouts, and installations to 
achieve low cost in manufacturing and 
operation. All major structures are 
being designed to operate without re- 
placement for at least 15 years and 
50,000 hours in the air.”’ 

Fixed landing gear will be convertible 
to skis, and the cabin will be convertible 
to any combination of passengers and 
cargo 

Captain Walter S. Diehl, USN (Ret.) 
and IAS Honorary Fellow, is one of the 
consultants assisting in development of 
the plane 


Nuclear Engineering Meeting 


With a number of other engineering 
societies, the IAS is a cosponsor of the 
Nuclear Engineering and Science Con 
gress scheduled for December 12-16 in 
Cleveland. Three hundred papers will 
be presented under sponsorship of the 
Engineers Joint Council. 


>» Major General Humberto Delgado, 
PAF (M), former Air Attaché and 
present Chief of the Portuguese 
Military Mission in Washington, D.C., 
has been presented the Legion of 
Merit for “‘exceptionally meritorious 
conduct in the performance of out- 
standing service as Air Attaché from 


27 October 1952 to 8 June 1954” and 
for having ‘‘aided immeasurably in 
developing and maintaining a strong 
and friendly bond between the Por- 
tuguese Air Force and the U.S. Air 
Force.”’ 

p> James H. Doolittle (HF) has been 
presented the first Distinguished Citi- 


zenship Award of the Loyal Order of 
Moose. 


> John J. Green (F), Chief of Divi- 
sion ‘“‘B” of the Canadian Defence 
Research Board, delivered the Royal 
Aeronautical Society’s British Com- 
monwealth and Empire Lecture at the 
Royal Institution, London, October 6. 
His topic was ‘““The Growth of Aero- 
nautical Research in Canada During 
the Postwar Decade.”’ 

>» Major General Clements McMul- 
len, USAF (Ret.) (AF), who lives in 
San Antonio, Tex., has been elected a 
Regional Vice-President of the Air 
Force Association. 


Members on the move.... 
This section provides information con- 
cerning the latest affiliations of IAS 
members. All members are urged to 
notify the News Editor of changes as 
soon as they occur. 


James E. Bevins (TM) has been pro- 
moted to Director of Engineering of the 
Eclipse-Pioneer Division of Bendix Avia- 
tion Corporation. He was formerly As- 
sistant Director. 


Commander Frank C. Bolles, Jr., USN 
(M), Bureau of Aeronautics Representa- 
tive in Buffalo, N.Y., has been transferred 
to Morton, Pa., for similar duty. 


Monroe R. Brown (M) has been ap- 
pointed Personnel Administrator for Engi- 
neering by the Wright Aeronautical Divi- 
sion, Curtiss-Wright Corporation, Wood- 
Ridge, N.J. He was formerly Assistant to 
the Chairman of the Board of Piasecki 
Helicopter Corporation. 


Zbyslaw M. Ciolkosz (AF), former Chief 
Development Design Engineer of Piasecki 
Helicopter Corporation, has joined Pia- 
secki Aircraft Corporation as Chief of 
Design and Analysis. 


Stanley Corrsin (AF), formerly As- 
sociate Professor of Aeronautics at The 
Johns Hopkins University School of 
Engineering, has been named Professor of 
Mechanical Engineering and Chairman 
of the Mechanical Engineering Depart- 
ment. 


Commander Oliver H. Coté, Jr., USN 
(AF), has been assigned to the Buffalo, 
N.Y., area as the Navy Bureau of Aero- 
nautics Representative. His office is at 
Cornell Aeronautical Laboratory, Ine. 
Commander Coté previously headed the 
Engine Research and Development 
Branch, Power Plant Division, Bureau 
of Aeronautics, Washington, D.C. 


Rudolph F. Gagg (F) has been named 
Group-Executive-Staff Engineer for the 
six Eastern divisions of Bendix Aviation 
Corporation. He had left Bendix in 1954 
to become Special Aide in the office of the 
Assistant Secretary of the Air Force. 


Ray D. Gardner, Jr. (M) has been ap- 
pointed Project Engineer for its long- 
range interceptor program by Northrop 
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Aircraft, Inc. He was formerly Assistant 
Project Engineer. 

Frederick H. Greene, Jr. (AM) has 
joined National Research Corporation, 
Cambridge, Mass., in charge of promotion 
and business matters for the Nuclear En- 
ergy Department. He was formerly 
Assistant Director of the Flight Control 
Laboratory in the Aeronautical Engineer- 
ing Department, Massachusetts Institute 
of Technology. 

Andrew F. Haiduck (M) has been pro- 
moted to Executive Vice-President of Lear, 
Incorporated, in charge of manufacturing. 
He was formerly Vice-President and Gen- 
eral Manager of the Grand Rapids Divi- 
sion. 

Harry B. Horne, Jr. (AM) has joined 
Piasecki Helicopter Corporation, Morton, 
Pa., as assistant to Wesley R. Frysztacki, 
Vice-President. He was formerly Execu- 
tive Vice-President and General Man- 
ager of Wallace Aviation Corporation, 
Wallingford, Conn. 

Ellis Katz (M) has joined North Ameri- 
can Aviation, Inc., Downey, Calif., as 
Preliminary Design Engineer. He was 
formerly Head of the Dynamics Analysis 
Section of the Guided Missiles Division of 
Fairchild Engine and Airplane Corpora- 
tion. 

William H. Lane (M) has been ap- 
pointed Assistant Professor of Aero- 
nautical Engineering (Aerodynamics) in 
the USAF Institute of Technology, 
Wright-Patterson AFB, Ohio. He was 
formerly Mathematician in the System 
Dynamics Analysis Branch, Aeronautical 
Research Laboratory, Wright Air Develop- 
ment Center. 

Robert W. Mackay (M) has joined Fen- 
wal Incorporated of Ashland, Mass., as 
Canadian Sales Engineer for the com- 
pany’s aviation and industrial product 
lines. He was formerly Manager of 
Product Planning (Aviation), Electronic 
Equipment Department, Canadian Gen- 
eral Electric Company Limited. 

(Continued on page 82) 


Allen F. Donovan, AFIAS, has joined The 
Ramo-Wooldridge Corp., Los Angeles, 
as Director of the Aeromechanics and Pro- 
pulsion Staff of the Guided Missile Research 
Division. He was formerly with Cornell 


Aeronautical Laboratory, Inc. 
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Necrology 


Ernest W. Dichman 


Colonel Ernest Wykeham Dichman, 
USAF (Ret.), AFIAS, died August 26 
in Dayton, Ohio, at the age of 63. 
Since 1946 the former Army flier had 
been Dayton representative for United 
Aircraft Service Corporation. 

He was born in New York City Janu- 
ary 18, 1892, and was a graduate of the 
University of California in 1914 with a 
Bachelor of Science degree in Electrical 
Engineering. He served in the U.S. 
Army Air Corps from 1917 to 1929, re- 
signing to enter the aircraft manufac- 
turing field. 

Colonel Dichman joined United Air- 
craft Export Corporation in 1935 and 
became Chief of Sales, Service, and 
Quality at Chance Vought Aircraft Di- 
vision of United Aircraft Corporation 
in 1936. 

In April of 1939 he was named Sales 
Manager of Vought-Sikorsky Aircraft, 
leaving that position at the outbreak of 
World War II to become a Colonel in 
the U.S. Air Force. 

Colonel Dichman was the author of 
“This Aviation Business’’ and numerous 
magazine articles. 

He leaves his widow, Orissa Avars 
Dichman, of 1211 Far Hills Ave., Day- 
ton. Burial was in Arlington National 
Cemetery. 


Gerard P. Herrick 


Gerard Post Herrick, AMIAS, Presi- 
dent of the Convertoplane Corporation, 
New York City, died on September 9 at 
his home, 18 East 83rd St., New York. 
He had been ill for several months. 

A native New Yorker, Herrick was 
graduated from Princeton University 
in 1895 and from New York Law School 
in 1897. He practiced law in connec- 
tion with his real estate interests, but 
most of his time and talents were de- 
voted to research engineering at a ma- 
chine shop he maintained in Brooklyn 
and at the New York University aero- 
nautical laboratory, where he started 
working on his successful rotary-wing 
airplanes in 1928. He was one of the 
early members of the IAS, joining in 
1934. 

Herrick was dubbed ‘‘the father of 
convertible aircraft”? at the First Con- 
vertible Aircraft Congress in December, 
1949, which was sponsored by the Phila- 
delphia Sections of the IAS and the 
American Helicopter Society. At that 
time, he was presented a plaque in- 


Ernest W. Dichman 


scribed: ‘“‘In recognition of his in- 
venting and building the first convertible 
aircraft, The Vertoplane, which was 
publicly demonstrated flying both as a 
plane with rotor wing fixed and as an 
autogyro with the wing rotating at 
Municipal Airport, Niles, Mich., 
November 6, 1931, and also The Con- 
vertoplane, which was publicly demon- 
strated at Boulevard Airport, Phila- 
delphia, July 30, 1937, where it made the 
first conversion from the one to the other 
in flight.” 

Shortly before his death, Herrick had 
completed the design of a production 
prototype of his convertoplane. His 
associates say they will carry on this 
project. He also did research in con- 
nection with rifle sights, lenses, steam 
engines, and blast furnaces. He per- 
sonally financed his research work, in- 
cluding the convertible aircraft projects. 

In 1910 Herrick won wide acclaim 
from industrialists and shipbuilders for 
perfecting the rotary engine, on which 
he had been experimenting for 10 years. 
It was estimated that about $100,- 
000,000 had been spent by researchers 
around the world in an attempt to build 
such an engine. 

During the First World War, Herrick 
was a gunnery Captain in the U.S. 
Army Air Service and later Executive 
Officer of the Radio School for Officers 
at Columbia University. 

He was a member of the Wings Club, 
Convertible Aircraft Pioneers, Academy 
of Sciences, American Society of Me- 
chanical Engineers, and American 
Rocket Society. 

Surviving are his widow, Lois Hall 
Herrick, and a son and daughter. 
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Wis WE LOOK at the general problems we have 
been discussing here this week—at this Turbine- 
Powered Air Transportation Meeting—I think that we 
can all see clearly one thing. And that is that turbine 
engines—some with propellers and some without them 

‘will dominate air transport in the next generation. 
For the next few years they will, obviously, be ‘gas 
turbines.’ A little later on they will probably be 
‘nuclear turbines.’ Progressively I am certain that 
they are going to revolutionize the air-transport busi- 
ness. They are going to make possible much higher 
speeds and much lower fares than any of us have dared 
to contemplate before. They are going to help us to 
draw the world closer together. But it’s not going to 
be an easy road. And there’s a lot of hard work ahead. 
In fact, I believe that we have come to a stage where we 
have to review the whole sweep of our air-transport re- 
equipment programs in the light of the new power plants 
which are going to be available to us in the next few 
years. 

“The fact is that, as we all know, technical decisions 
which are made today will determine the whole com- 
mercial future of the air lines years ahead. The com 
plexity of the large, advanced, modern transport air- 
planes—and bitter experience with one or two of them 
means that they are taking increasingly long periods of 
time to be translated from just ‘a gleam in their de- 
signer’s eye’ into the stage where they are certificated 
to carry fare-paying passengers. 

“All that means that the prospective manufacturer 
and the prospective operator of a fundamentally new 
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Dinner Address, presented by Peter G. Masefield, 


| 


Chief Executive of British European Airways, at } 


the Second National Turbine-Powered Air Trans- 
portation Meeting, Seattle, Wash., August 9, 1955. 


transport airplane have to guess right, on a lot of com- 
plex issues, some 10 years ahead of the peak earning 
period in the life of the product. It’s quite a tall order— 
and it’s a heavy responsibility. 


‘“‘And, as I think our meetings this week are showing 


up, there is quite a divergence of view on a number of | 
pretty basic points—such as, of course, on whether the | 
main stream in the future lies with the ‘turboprop | 


or with the ‘turbojet,’ or even, as Mr. Chauncey Bell 


would have us believe, with the ‘water-based’ jet air- | 


craft. 


“In fact, I have been interested to note how many oi | 


the contributions to our discussions have started out 


boldly with the words ‘I believe’ and finished up, | 


somewhat hesitatingly, with the words ‘I doubt. 
Watch them—and I think you'll find the same. 


“Now, J don’t know, of course, any more than you, | 


how things are going to work out. But we all do know 
that there are about 1,800 four-motor transport ait- 
planes, with piston engines, flying in air lines of the 
Western world today—plus at least another 1,800 twit- 
engined types—and that most of them will have to be 
replaced during the next 10 years or so. Furthermore, 
the business is growing at a steady rate of 15 to 20 per 
cent a year. 

“So, in looking at all this, obviously there is going t0 
be quite a bit of scope for those who build airplanes. 
(Not that they have that interesting ‘lean and hungry 
look right now.) And I’d like to say a word or twe 
about that. 
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“Incidentally, I hope that you don’t expect me to 
speak especially about the Viscount? 

“Although it’s still the only commercial turbine trans- 
port airplane in air-line service, it’s really getting to be 
‘old stuff’—a well-tried airplane with an engine which 
is, now, a pretty crude piece of agricultural machinery. 
Even so, we find that the motto of the turbine airplane 
is: No carburetor, no plugs, no magnetos, no blowers, 
no bothers. 

“T would prefer to present a few serious thoughts on 
the fact that, having agreed that (like the Campbells) 
‘the turbines are coming,’ we should examine what are 
the basic types of aircraft likely to be needed through- 
out the world and what the procurement numbers of 
each type are likely to be—which is a pretty unwise 
thing to try to predict. 

“However, looking it all over, I believe that there are 
likely to be some seven main categories of airplane to 
which we have to give attention in the near future, if 
we are to press forward the economic expansion of air 
transport in the way in which it should go. 

“Now, these seven categories of new airplanes will 
represent, in my opinion, the same sort of degree of 
advance in the next few years as we have seen only 
twice already in the 36-year history of air transport. 
You will remember that those two previous revolutions 
were: 

“First, in the early Thirties, the change-over from the 
Ford Trimotors and the biplanes, to the twin-engined, 
cantilever monoplanes with retractable undercarriages 
(a tremendous step forward); and, 

“Second, 10 years ago, the replacement of the DC-3 
and the big flying-boats by the modern, four-piston- 
engined, pressurized monoplanes which we know today. 

“Obviously this new era which we are about to wit- 
ness is the era of the turbine transport. And it will be 
as big a step forward as those two great advances which 
marked the past. 

“And already we have had a few indications of it. 
There was the Comet, a tale of triumph and disaster. 


4] 


And there is the Viscount, which seems like a real suc- 
cess story. Looking ahead, however, obviously some of 
our new airplanes wi/] have propellers—some won't. 
But I believe that all of them will have turbines. 


‘‘Now the seven categories which I believe (mark you) 
will develop in the next short while are these. And 
they require, I think, a great deal of attention. 

‘First, the ‘blue riband’ airplane—the /ong-range 
jet. In the next decade, this Number One Prestige 
Type—designed to fly nonstop across the American 
Continent and nonstop, with high regularity, from 
London to New York—will have to cruise at around 550 
m.p.h. and carry rather more than 100 passengers. It 
will, I suppose, eventually, weigh pretty close to 300,000 
Ibs. gross, and, in the end, it will cost getting on for 
6 million dollars, which is a pretty hefty sum. 

“T guess a world market for, at the very least, 300 of 
these aircraft, representing an investment of around 2 
billion dollars, with spares, in their manufacturers by 
the air lines. I hope their pocket is long enough. 


“And the only two present contenders here appear to 
be the Douglas DC-8 and the revised Boeing 707. 

‘‘That’s Category One—The Blue Riband Jet. 

‘‘Numbers—300 or so—perhaps a bit modest. But 
one jet with 120 seats can do a tremendous job in terms 
of passenger-miles a year. 

‘Now the Second Category is, I believe, the long-range 
turboprop transport—capable of doing the same non- 
stop journeys as the Category One jet, about 100 m.p.h. 
slower and about 20 per cent cheaper, carrying the same 
sort of pay load (about 20,000 lbs. gross, I suppose), 
weighing 180,000 Ibs., and costing somewhere around 
3'/, million dollars each. 

“TI guess a world market for about 400 of these long- 
range turboprops, worth also about 11/2 billion dollars, 
with spares. They will be able to fly parallel with the 
big ‘blue riband’ jets, at lower fares, 100 m-.p.h. 
slower—which means about 6 hours transcontinental 
nonstop, compared with, say, 4!/2 hours for the jet. 


UTE oO 
“ES er 
> ” 
= 
‘S 
2 
|_| 


42 AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 


“T am sure there is a place for them, though not every- 
one has been vouchsafed that vision yet. 

“The Bristol Britannia and a turboprop version of 
the Lockheed 1649 seem to be the two present con- 
tenders in this class. 
next year. 

“The Third Category is the medium-range jet. I 
believe that there is a, somewhat restricted, world 
market for this sort of airplane—a 70-passenger, 150,- 
000-lb. 500 m.p.h. airplane, capable of flying about 
2,000 miles nonstop. This airplane is coming along 
and, in my opinion, will sell to the extent of about 
100 aircraft. It will cost about 2!» million dollars. 
With spares, that is a market worth about 300 million 
dollars. The de Havilland Comet 4 will be 
this class about 2'/2 years from now. 

“Then Category Four, and very important. I put 
here the medium-range turboprop, represented by the 
Lockheed Electra and the Viscount Successor. 
‘work-horse’ of air transport needs to carry between 
70 and 90 passengers, according to seating density. 
It must cruise at rather-better-than 400 m.p.h. And 
it will weigh around 100,000 Ibs. gross—that is, Robert 
E. Gross. The cost will be not quite 2 million dollars 
each. I believe (there I go again) that there will be a 
world market for at least 500 of these airplanes. That 
means an investment by the air lines of 1' 2 billion 
dollars or more, with spares. It’s big business. As 
Derek Lambert says—it may ‘electrify the world.’ 
I’m quite sure it won’t short circuit—though there may 
be something else, in the vanguard too, before long. 

“Next, Category Five—the ‘second string’ in the 
‘work-horse’ stable for medium- and short-haul jobs. 
In other words, there’s a demand, I believe, for an air- 
plane smaller than the Electra. 


And they should be in service 


right in 


This 


“Again, this will be a turboprop—I’m sure of that. 
The requirement is, I think, for between 50 and 60 
passengers. The cruising speed should be about 350 
m.p.h., the gross weight around 65,000 lbs. The em- 
phasis will be on economy. I fancy there is a world 
demand for some 400 of these airplanes at around a 
million dollars each. That means a market for some 
600 million dollars worth of aircraft and spares. 

“The chief contender here is, obviously, the Vis- 
count-Major (V.800) series with the boosted Dart 
engine. 

“Category Six is one of the most difficult—our old 
friend the DC-3 Replacement. The DC-3 never can 
be replaced by quite the same article. But I believe 
that most of the attempts to replace it—and so far 
they have all failed—have had too big a seating capac- 
ity. I foresee a demand for a relatively small and 
cheap, four-motor airplane—or boosted twin—prefer- 
ably using turboprops of about 600 or 700 hp. each. 
It should cruise at about 280 m.p.h. and carry 30 passen- 
gers, or afew less. The gross weight would come out at 
about 20,000 lbs. and the cost, I suppose, around 400,- 
000 dollars each. The market for these aircraft is most 
difficult to guess. But it should not be less than about 
600 aircraft, worth around 350 million dollars with 
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spares. 
category at present—though the Friendship isn’t far 
off (however, to my mind, a bit too big). 

“Finally, Category Seven 
copter, designed to fly directly between city centers up 


a large, multiengined heli- 


to 250 miles apart, as well as between a few major air- 
ports and their city centers. 


“At present the available helicopters resemble a 
pretty girl—they are small, nice to look at and to be 
seen about with, exciting, pleasant to take out, apt to 
be noisy—and the more you have to do with them the 
more expensive they get and the more problems they 
bring around your neck. ' 

“All our studies lead us to believe that the helicopter | 
cannot be made into a true commercial proposition un- 
til it has around 50 seats and cruises at not less than 
The power plant would be two—or perhaps | 
four—turboprop-type engines, with a total of not less 
than 8,000 s.hp. And, I’m afraid, the vehicle would be | 


150 m.p.h. 


expensive—at 60,000 Ibs. gross weight it would probably 
cost not less than 1'/. million dollars. I am sure, 
however, that if such a helicopter can be produced in the 
next 10 years, then at least 500, and their develop- 
ments, would be sold at a market value of rather more 
than a billion dollars. 

‘‘Now those seven categories do, I believe, cover the 
major requirements of the major scheduled 
skeduled—air-transport operators. Each of the seven 
types will, obviously, develop in service. And you will 
see that they add up to a requirement for not less than 
about 2,700 aircraft, costing more than 7 billion dollars, 
with spares. Among them, they would require a pro- 
duction in the next 8 years of about 1,800 jet engines of 
two types and about 13,400 turboprop engines of four 
types. That's the ratio I see in the era I’m thinking of. | 

“One of the major things which will be controversial 
is the ratio of jet-to-turboprop aircraft. In the major 
types of aircraft—that is, leaving out of account the 
DC-3 Replacement and the helicopter—I have sug: 
gested that there will be a requirement for not less than 
300 jet airplanes with 1,200 engines 
4 to 1 in favor of the turboprop. On the money side, | 
I have suggested, tentatively, that the jet transport | 
orders will be worth a total of 1.8 billion dollars against 
4 billion dollars for the turboprops—a 2 to 1 financial 
ratio, over an 8-year period. 


SOTTY, 


rather more than 


“In saying all this, I am looking ahead to the 8-year 
period, between roughly 1958 and 1966. And I am 
sticking my neck out a long way. But then, like the 
turtle, unless one sticks one’s neck out, one doesn't 
make any advancement. 

‘Looking at it from a traffic point of view, by 1962—- 
that is, 7 years ahead, when turbine transport aircraft 
should be well established—the air-transport busines 
should have increased, I believe, by not less than 160 pet 
cent above today’s level. 

‘At the present moment, so far as I can gather, there 
are on order from major air lines, about 400 four- 
engined, piston-powered transports, about 240 four- 
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engined, turboprop civil transports, and about 20 
four-engined jet transports. 
‘Assuming, as we must, that there will be substantial 


further orders for piston-powered transports—about 


enough, with those on order, to increase today’s traffic 
by some 60 per cent—then, if by 1962 about 2,700 new 
jets and turboprop aircraft can provide for some 120 
per cent more traffic than is being carried today, we 
shall sti// need nearly 80 per cent of present equipment 
to meet the likely demands. 

“That means that, by 1962, we may look forward to 
having something like 6,500 aircraft of all types oper- 
ated by the major air carriers in the Western world, 
producing some 27 billion capacity ton-miles and carry- 
ing some 160 million passengers a year; which com- 
pares with 3,500 aircraft today, producing 11 billion 
capacity ton-miles and carrying some 60 million passen- 
gersa year. That means that each aircraft will be pro- 
ducing on the average about 30 per cent more earning 
power than its counterpart today. 

‘Well we shall see. 

“Though I feel I now have my neck out so far that I 
resemble a giraffe. 

“One fundamental, I believe, will remain true in the 
next decade. And that is that, for the same amount 
of pay load, the turboprop will be some 20 per cent 
cheaper to operate than the jet but 100 m.p.h. slower. 
Alternatively, the jet must be built to carry about 25 
per cent more pay load than the turboprop over the 
same range, if it is to achieve the same operating cost, 
100 m.p.h. faster. And the interesting point there is 
the relative sales appeal of speed versus cost and the 
fact that not all air lines will be able to afford the very 
big jet. 

“There is also the unsolved problem of jet noise at 
take-off. Certainly some 60,000 Ibs. of jet thrust at 
ground level kicks up a terrific racket. As Admiral 
Rosendahl pointed out yesterday, the ‘local natives’ 
around the airports may prove surprisingly hostile. In 
the words of the ‘Hunting of the Snark,’ it’s a problem 


‘Distinguishing those that have feathers and bite 
From those which have whiskers and scratch.’ 


“Well, whether these guesses turn out to be any- 
where, even remotely, correct (and I believe they are 
pessimistic), there is one thing certain: We have, in 
air transport, a great and vastly expanding business, 
the full potential of which we have not as yet even 
glimpsed. And in the next year or two we have to 
start thinking seriously of supersonic passenger-trans- 
port airplanes. And we have to start thinking also 
about vertical take-off and landing, without the help of - 
either rotors or ‘tail sitters.’ 


“The problems to be solved in making all this prog- 
ress are, of course, greater than any we have tackled 
in the past. We are, however, fortunately better 
equipped to undertake them than we have been pre- 
viously. The modern electronic computer makes pos- 
sible the analysis of problems we could not have at- 
tempted even to look at before. 


‘Even so, sometimes when I see the ‘higher mathe- 
maticians, who are now employed in all major air- 
craft plants, bending over their problems—with the 
electronic brain in the background—I remember the 
cloistered calm of the old universities at home and that 
fabulous 


‘Old Fellow of Trinity \ 

Who solved the square root of infinity 
But, it gave him such fidgets 

To count up the digits, 

He chucked Math—and took up Divinity.’ 


‘Well, I hope our losses, in this way, in the industry 
won't be too great. 


“I do want to say this, in conclusion. In the great 
days which lie ahead, our two nations can set a lead to 
the world, not only in harnessing the fruits of men’s 
ingenuity to military products to ensure the security of 
our joint way of life but also, along a peaceful road, in 
drawing the peoples of the world ever closer together 
through faster and cheaper—and still safer—air trans- 
port. 


“So let us go forward boldly into the turbine trans- 
port era which holds out so much promise for everyone.” 


A summary of the status of 
aerodynamic theory and 
experimental methods as related to 
the practical aerodynamic problems 
encountered in aircraft design. 


Solved and Unsolved Aerodynamic Problems» 


K. E. Van EveryT 
Douglas Aircraft Company, In 


INTRODUCTION 


IT DISCUSSING aerodytiamic problems which have been 
solved or are still unsolved, it is often difficult to 
put the problem into either one category or the other, 
since the aircraft designer is usually forced to arrive at 
some solution of a practical nature. However, a prac- 
tical solution does not necessarily mean an under- 
standing of the problem. More often it is merely some 
means, either theoretical or empirical, by which a work- 
able solution has been obtained which yields useful 
data or provides a means of circumventing the problem. 
With this thought in mind, the following breakdown of 
solved and unsolved aerodynamic problems is given, as 
they appear to me, with a short explanation of each. 


SOLVED PROBLEMS 


(A) Experimental Transonic Data 


Methods for obtaining reliable data in the transonic 
range have greatly improved during the last few years, 
and the problem may be considered to be solved now 
that large transonic tunnels of the slotted- and per- 
forated-wall type are becoming available. 
it should be noted that during the interim period, when 
there were no satisfactory transonic tunnels available, 
other techniques were devised which served a useful 
purpose at the time. A discussion of these techniques 
follows. 

(1) NACA Wing Flow Method and Lockheed Bump 
Technique—These two related techniques depend upon 
the development of local supersonic flow fields when an 
essentially two-dimensional airfoil operates at high sub- 
sonic Mach Numbers. Both methods yield much 
useful data, but, because of the extremely small 
Reynolds Number, spanwise variation of Mach Num- 
ber, and the fact that only a half-span model could be 
used, it was necessary to use the data with great care. 
It was generally found that the slope of the drag rise 


However, 


* Complementary commentary on ‘“‘Solved and Unsolved Prob- 
lems in High-Speed Aerodynamics”’ by Th. von Karman, presented 
at a special IAS meeting, Los Angeles, Calif., April 11, 1955. 

+ Chief, Aerodynamics Section, El Segundo Division 
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curvé was more gradtial than in free-flight tests, and 
the stability and control characteristics were sometimes 
affected by the fact that the boundary layer was of the 
The latter condition could be improved 
by using artificial roughness in forming a turbulent 
boundary layer, but this was not particularly satis- 
factory in obtaining data. 
concluded that these methods were most useful in 
obtaining qualitative comparison between similar con- 
figurations, as well as making it possible to obtain 
approximate transonic data easily and cheaply at a 
time when such results were extremely difficult to 
obtain.) * 


laminar type. 


(2) Drop Body Technique—Drop body technique for 
obtaining high Mach Number data at reasonably 
high Reynolds Numbers was used to some extent in 
Germany during World War II and later in the United 
States and Great Britain. In general these results were 
reliable but were usually confined to drag measurements 
and limited by the large amount of equipment and 
personnel required. For this type of testing, all the 
difficulties of flight testing are involved. These in- 
clude airplane maintenance and the use of qualified 
pilots and experienced flight-test engineers, plus the 
necessary ground equipment to track the body. In 
addition to this, the Mach Nuinber which could be 
obtained was limited by the geometry and weight of 
the model and by the altitude from which the drop 
could be made.’ 

(3) Rocket-Propelled Models—The use of rocket 
propelled models to obtain aerodynamic data has been 
developed to a high standard of efficiency by the NACA 
and is described in detail in reference 4. These models 
have the advantage of providing high Mach Number 
data at high Reynolds Numbers. Test techniques have 
been developed for obtaining all types of aerodynamit 
data including drag, static and dynamic stability and 
control information, and internal flow characteristics 
of ducts. The major disadvantage of this type 
technique is probably that the model and its im 
strumentation are destroyed for each test, and hence 
a complete series of models are required to study the 
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effects of configuration changes. These facts make 
such tests expensive, both in time and money. In 
addition, a large amount of ground instrumentation 
and skilled operating personnel are required. 

(4) Research Airplanes—The idea of using full-scale 
airplanes for research in high-speed flight was conceived 
at a time when it was extremely difficult to get good 
aerodynamic data in the transonic range and when the 
scale effects at high speeds were almost completely un- 
known. Full-scale testing thus furnished a valuable 
check on the reliability of the wind-tunnel data in the 
entire high-speed flight range and provided information 
in the transonic region where there were no wind-tunnel 
data available. More important, flights of the research 
airplanes conclusively demonstrated the feasibility of 
supersonic flight and effectively banished many of the 
fears and myths which had been built up about the 
difficulties that might be experienced in crossing the 
“sonic’’ barrier. 

(5) Transonic Tunnels—The final step in obtaining 
satisfactory aerodynamic data under controlled con- 
ditions has been achieved with the development of the 
slotted- or perforated-wall wind tunnel. Data on the 
theory and design of transonic tunnels have been re- 
cently declassified and are available in references 5 to 
11. 


(B) Theoretical Solutions for the Transonic Range 


(1) Similarity Laws—The transonic similarity laws, 
originally developed by von Karman, were the first 
steps toward obtaining results for aerodynamic char- 
acteristics in the transonic range.!* Although these 
were not explicit solutions, they pointed out the 
similarity between bodies of the same family having 
varying thickness ratios and led the way to a renewed 
interest in transonic theory. These parameters have 
been invaluable in correlating test data and are particu- 
larly useful in practical design work for correcting test 
data on configurations similar to the one under consider- 
ation. These similarity laws have been extended to 
finite wings and bodies of revolution by other workers 
in the field.!3—'6 

(2) Exact Solutions—The first theoretical solution of 
the flow equations in the transonic range was worked 
out by Guderley and Yoshihara for a double-wedge 
airfoil at 1J = 1." Since then Cole, Trilling, and 
Vincenti and Wagoner'’~* have obtained solutions for 
singleand double wedgesat transonic Mach Numbers less 
than and greater than 1. The latter investigators used 
an iteration procedure, and, as a result, calculations 
made by their method can be carried out to any re- 
quired degree of accuracy. The experimental data 
on wedge-shaped airfoils, obtained by Liepmann and 
Bryson, Cole, and Willmarth, have verified the accuracy 
of the theoretical results.2" 

The works of Oswatitsch and Gullstrand, more re- 
cently extended by Spreiter, have been directed toward 
obtaining a solution for airfoil shapes in general. Asa 
Tesult of these efforts, some of the solutions for round- 
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nosed and circular arc airfoils in the transonic range 
have been completed.**; *4 

Theoretical work on bodies of revolution in the tran- 
sonic and supersonic ranges has been done by von 
Karman, Haack, Ward, Sears, and Adams—also by 
many others.”~** Theory for noncircular bodies has 
been worked out by Kahane and Solarski; Ferri, Ness, 
and Kaplita; and Riegels.*’~** 


(C) Practical Supersonic Flight 


As already mentioned under (4) Research Airplanes, 
the need for good data in the transonic range led to the 
use of full-scale piloted aircraft as a means of obtaining 
this data. Much information on flight at high speeds 
and high altitudes has been obtained as a result of 
these projects, and it has proved conclusively that super- 
sonic flight is possible and can be practical. 


(D) Supersonic Linearized Wing Theory and Second-Order 

Theory 

The aerodynamic characteristics of wings of arbitrary 
plan forms have been almost completely investigated 
by supersonic linearized theory. The powerful meth- 
ods of source-sink distributions, doublets, conical 
flow, and Fourier integrals**~‘** have all been utilized 
to provide solutions for drag, lift, and the stability 
derivatives over the entire range of supersonic Mach 
Numbers. The results are not acceptable in Mach 
Number regions where nonlinear effects are important— 
such as in the transonic and hypersonic regions and 
when the Mach Number normal to an edge is near 1— 
but otherwise they are as reasonably valid. 


Also notable as an advance in supersonic theory is 
the second-order theory developed by van Dyke‘! 
which gives accurate solutions for bodies of revolution 
throughout the lower supersonic Mach Number range. 


(E) Hypersonic Theory 


Extremely simple and accurate methods have been 
developed by Eggers and others for computing inviscid 
pressure distributions at extremely high Mach Numbers. 
The shock-expansion method for two-dimensional flow is 
inexact only in that it neglects the effect of shock front 
curvature; yet it requires only a few minutes to compute 
an airfoil pressure distribution. * 


The corresponding method for axially symmetric 
flow at high supersonic Mach Numbers has only recently 
been developed. In references 46 and 47, appropriately 
termed the conical-shock-expansion theory, the solu- 
tion starts with the correct conical shock at the nose, 
while using a two-dimensional Prandtl-Meyer expan- 
sion over the remainder of the body. For high Mach 
Numbers—similarity parameter 1//FR>2—the results 
are surprisingly accurate. Again, the effect of curva- 
ture of the nose shock is neglected. 

The conical-shock-expansion method and the second- 
order supersonic theory for axially symmetric bodies, 
when combined, provide relatively rapid and accurate 
solutions over the entire range of supersonic Mach 


|__| 
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Numbers, without recourse to the method of character- 
istics. 

Actually, much of the repetitive calculation for 
bodies of revolution has been obviated by the develop- 
ment of the hypersonic similarity laws by Tsien and 
by Hayes.*: *#* The similarity principle allows the 
forces on a similar family of bodies to be correlated on 
the basis of a single parameter, the hypersonic similarity 
parameter, 
accurate calculations are required to provide solutions 
It has been found® that 
the hypersonic similarity parameters relate the variables 
correctly over a much wider range than their original 


Thus, only a limited number of 


for a wide range of variables. 


derivation would indicate; in fact, by changing the 
basic similarity parameter slightly, to 8 /R, the cor- 
relation is valid throughout the supersonic and hyper- 
sonic regions.*! 


UNSOLVED PROBLEMS 


Many of the unsolved aerodynamic problems of 
today are ones which have been experienced in attempt- 
ing to solve the overall problem of (C) Practical Super- 
sonic Flight. 
supersonic regions have become more clearly defined 


The characteristics of the transonic and 


because of the advanced state of theory and experiment, 
but much remains to be done in finding ways in which 
the unfavorable characteristics, such as the sharp drag 
rise, separation, stability losses, etc., can be improved. 
Some of the most important problems are enumerated 
here. Much time, money, and effort have already 
gone toward reaching a solution to most of these 
problems, but, considering the information now avail- 
able and the difficulties being experienced today in the 
present ‘‘state of the art,’’ these are the problems, to the 
best of my knowledge, which should be classified as 
“unsolved.” 


(A) Boundary-Layer Separation at Incompressible Speeds 


Reliable methods for predicting boundary-layer 
separation at essentially incompressible speeds over 
This knowl- 
edge would enable the prediction of maximum lift 
hence, maneuvering— 


complex shapes would be of great value. 
and, 
and take-off and landing char- 
Methods of this sort would also be useful in 
interpreting wind-tunnel data when the tests are run at 
Reynolds Numbers very different from those en- 
countered in flight and in determining means by which 
flight Reynolds Numbers could be simulated in the 
model tests more satisfactorily. 

The problem of predicting separation in turbulent 
boundary layers in incompressible flow has received 
much attention from theorists and experimenters,°**~** 
but, even in the simplest case, theoretical predictions do 
not always agree with experiments. 


acteristics. 


(B) Boundary-Layer Separation in Compressible Flow 
The separation of the turbulent boundary layer in 

compressible flow where local shock waves may interact 

with the boundary layer to change its character is not 
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understood, especially the general case involving com- 
binations of aircraft components or complete airplane 
configurations. Many difficulties that occur in high- 
speed flight are due to boundary-layer separation of 
this type. Some of these difficulties are buffeting, wing 
dropping, snaking oscillations, inlet-duct rumble, pitch- 
up or pitch-down, control surface buzz, trim changes, 
and limitation of the maximum lift coefficient. 

This complex problem of shock-wave/ boundary-layer 
interaction worked on by many investi- 
Their work has contributed a great deal to 
our understanding of this problem, but there is still 
much that is unknown. The important problem of 
separation criteria has been considered by Gadd and 
Eggink in Great Britain and by Donaldson and Lange 
in the United States. The application of these criteria 
to aircraft also required the determination of pressure 
distributions in the transonic range. 


has been 


‘ 55 —66 
gators. 


This is, in itself, 
an extremely difficult practical problem that deserves 
further emphasis since it is the base on which any 
practical separation criterion depends. 


(C) Boundary-Layer Control 


Several types of suction and blowing devices are in 
use today for boundary-layer control. However, it is 
felt that in reaching a better understanding of basic 
flow phenomena, especially in regard to boundary layer 
and its characteristics, the groundwork will be laid for 
designing practical, more effective devices. 


(D) Reduction in Drag 


Although much work has been done during the past 
few years to determine what individual components and 
combinations of components contribute to the drag of 
the airplane throughout the Mach Number range, the 
problem of reducing drag seems to be one that will 
always deserve consideration. 


(E) Rapid Changes in Stability Derivatives at Transonic 
Speeds 


Practical, effective methods for predicting and 
counteracting the rapid changes in stability derivatives 
in the transonic range are greatly needed. Such prob- 
lems as pitch-up, excessive dihedral, and loss in direc- 
tional stability —to name but a few—will no doubt be- 
come better understood with an increased knowledge of 
flow phenomena, but practical methods for controlling 


these conditions are needed. 
(F) Transonic Flutter 


In the high-speed range, dynamic factors are becom- 
ing more and more important. There have been a 
number of structural failures due to transonic-type 
flutter which cannot be predicted by ordinary flutter 
theory. Limitations of linearized, unsteady  aero- 
dynamic theory prevent the theoretical development of 
flutter coefficients in this region. As a result of this 
limitation, most of the experimental work in the trat- 
sonic range has been done with extremely small-scale 
models in transonic tunnels or by the free-flight tech- 
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nique. Attempts have been made to correlate the 
experimentally determined data with calculations for 
incompressible three-dimensional flow or for high 
subsonic two-dimensional flow. Although valuable 
work has been done in this area in the development of 
design criteria, little work of this type has been done for 
high-aspect-ratio swept wings with or without external 
stores. 


(G) Supersonic Boundary-Layer Theory and Aerodynamic 

Heating 

Much work has been done on the theory of the com- 
pressible laminar boundary layer, and the phenomena 
are fairly well understood. However, reliable theories 
for the corresponding case of the turbulent boundary 
layer do not yet exist. This requires an understanding 
of the basic principles of turbulence which are of a 
statistical nature and the application of these principles 
to the boundary-layer concept. Just as important is 
an adequate theory or method for the prediction of 
transition from laminar to turbulent flow; actually, it 
is probable that a thorough understanding of the first 
problem would lead directly to the solution of the 
second. 

Solutions of these problems become increasingly im- 
portant at higher supersonic Mach Numbers because of 
the critical effects of aerodynamic heating and the fact 
that skin friction once again becomes the dominant 
drag item. Current theories of the turbulent boundary 
layer yield results differing by over 100 per cent in skin 
friction and heat-transfer prediction when extrapolated 
to Mach Numbers of the order of 10. Because of the 
difference in heat transfer between laminar and tur- 
bulent flow, the location of the transition point can in- 
fluence critically the weight of an airplane when struc- 
tural temperatures are increased to the point where 
normal aircraft structural materials have lost most of 
their strength. 

Satisfactory methods for direct measurement of skin 
friction and heat transfer are not yet available. Such 
techniques will be required to evaluate the theoretical 
results and would prove useful for the development of 
empirical theories. 

As flight speeds continue to increase, the need for 
these solutions will become more and more acute, and, 
in addition to the use of high-temperature materials 
such as titanium and stainless steel, aerodynamic and 
thermodynamic means of alleviating the problems must 
be considered. 


H) Hypersonic Flow Theory 


At hypersonic speeds a different type of boundary- 
layer shock interaction appears. The shock wave 
is so inclined to the flow that the entire disturbance 
effect of a body is concentrated within a region which 
has a thickness of the same order of magnitude as 
the boundary layer. The concept of a viscous bound- 
ary layer distinct from an inviscid disturbed region is 
not valid, and the two flow fields must be considered 
as one—a ‘‘hypersonic shock layer.’’ Although in- 


itial theoretical investigations have been made in this 


direction by Lees® and others, much remains to be 
done. 
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Cornell Aeronautical Laboratory, Inc. 


Flight Research 
Utilizing 
Variable Stability Aircraft 


A description of servomechanism installations thal 
modify the stability and control systems of airplanes and 
thus provide a useful research tool by which pilots can 
study and evaluate various handling characteristics. 


INTRODUCTION 


Background 


pi ITS ORGANIZATION, Cornell Aeronautical Lab- 
oratory has been active in the flight measurement 
of the dynamics of full-scale aircraft. This work was 
originally commenced in an effort to determine in 
flight the detailed aerodynamic characteristics (sta- 
bility derivatives) of the airplane. Progress in this 
work has been reported previously.’ * Extensive use 
of servomechanism equipment and techniques was made 
during the measurement of the stability characteristics 
of the airplanes in order to apply controllable and 
repeatable input functions. It was soon recognized 
that servocontrol equipment of a slightly different type 
offered versatile and powerful means for modifying the 
apparent stability characteristics, both static and dy- 
namic, of the airplane. . 

At this same time it was becoming increasingly ap- 
parent that much more flight research was necessary to 
keep handling qualities requirements abreast of the 
rapid changes taking place in the design and operating 
characteristics of aircraft. The simultaneous develop- 
ment of servocontrol equipment and techniques for use 
in aircraft and the need for handling qualities evalua- 
tions over a relatively wide range of aircraft dynamic 
characteristics immediately suggested the desirability 
of installing automatic control equipment in an airplane 
for handling qualities research. This installation 
literally permitted the apparent stability and control 
characteristics of the airplane to be varied through wide 
limits in flight by the turn of one or several knobs. 


Presented at the Stability and Control Session, 23rd Annual 
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F-94 variable stability airplane. 


Hence these aircraft would be variable stability air- 
craft, and it would be possible to simulate the flight 
characteristics of numerous configurations within a 
single flight, if this should be desirable, or with a 
minimum of change-over between flights in any event. 

It should be pointed out that the variable stability 
airplane differs from an airplane with a standard auto- 
matic pilot installation in that the human pilot flies 
the variable stability airplane by normal manipulation 
of the standard cockpit controls, whereas he does not 
utilize these controls at all when operating on auto- 
pilot. Both systems, of course, rely upon servo- 
mechanisms to move and position the flight controls in 
accordance with information received by the computer 
elements of the control system. The standard auto- 
pilot installation has generally been made to supply 
strong attitude stabilization to the airplane and to make 
the airplane responsive to externally supplied navi- 
gational information, with less emphasis placed on 
maneuvering available to the pilot through special and 
separate cockpit control devices such as turn controls. 
The variable stability installation, however, stresses 
continuous control by the pilot and adds to his com- 
mands the control surface deflections due to the motions 
of the airplane. The additional control surface 
deflections due to the motions of the airplane are 
responsible for the change of the apparent stability 
characteristics of the airplane and are therefore fre- 
quently referred to as control motions due to “artificial 
stability.” In general it is desirable that the pilot’s 
cockpit controls do not move as a result of the control 
surface deflections caused by the artificial stability 
inputs. If this condition is met, the pilot will be un- 
able to detect that the control surfaces are being moved 
by any other command than his normal control move- 
ments. 

From this discussion it may be seen that there are 
common characteristics between artificial stability and 
conventional automatic pilot installations. Despite the 
fact that the functions of the two systems are quite 
different, the line of distinction between them is not 


| 
| 
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Source of Command Information 


Human pilot 


Causes control deflecti 
apparent stability 


Motions of airplane 


Externally sensed information Generally no information relative to fixed space 


axes 


TABLE 1 
General Comparison of Artificial Stability and Conventional Automatic Pilot Installations 
Artificial Stability 

Continuous input through normal cockpit controls 
ms which modify airplane's 


cockpit controls not moved 
by these control deflections 


1955 


Conventional Automatic Pilot 


Occasional limited control through special cock- 
pit controls 

Generally senses attitude and altitude informa- 
tion; also senses angular rates to improve 
damping; cockpit controls move with control 
surfaces 

May sense navigational information such as 
compass heading and radio navigational aids 


General characteristics of airplane Pilot’s maneuverability not restricted; airplane Maneuverability restricted. Strong attitude 
controlled by normal methods; no direct stabili- and course stability; can use navigation infor- 


zation of course or 


clearly defined. A tabulation which shows the prin- 
cipal differences between the systems is contained in 
Table 1. No general superiority of one system with 
respect to the other is implied, since each mode of 
operation has its particular uses. The variable sta- 
bility airplane simply has an artificial stability instal- 
lation which conveniently permits the stability and 
control characteristics of the airplane to be varied over 
wide ranges. 


Development of the Variable Stability Airplane 


The first variable stability airplane project under- 
taken by Cornell was for the U.S. Navy. 
was undertaken to evaluate the effect of changes of the 
lateral motion of the airplane. An F4U-5 airplane was 
used. This airplane, shown as Fig. 1, is a single-seat 
fighter powered by a single reciprocating engine. Its 
servo control system employed a number of components 
of a standard automatic pilot, in addition to specially 
developed equipment. The servos of the 
system operated rudder and aileron control surfaces 
which were separate and distinct from the airplane’s 
normal control surfaces. These latter control surfaces 
were operated by the normal stick and rudder pedals 
without any modification. Thus the sta- 
bility features of the airplane were separated from the 
pilot’s controls. The auxiliary rudder was obtained by 
installing a section of vertical tail between the base of 
the normal vertical tail and the fuselage. 
tional portion of the revised vertical tail was equipped 
with a rudder which was located below the standard 
rudder. The portion of the wing flaps just inboard 
of the ailerons was converted into auxiliary ailerons 


This pre ject 


control 


variable 


This addi- 
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F4U-5 variable stability airplane. 


attitude 


mation 


After 
having conducted several series of evaluation tests, 


which were operated by a control system servo. 


this airplane was delivered to the Navy in its modified 
condition. 

The second variable stability airplane developed 
by CAL was a modified C-45, which is a small, twin- 
engined transport having a gross weight of approx- 
imately 8,500 Ibs. This project was undertaken for 
the All-Weather Branch of the Wright Air Develop- 
ment Center, USAF. Its purpose was to determine the 
effects of improved aircraft stability characteristics on 
the ease of bad weather operations, particularly on the 
ease of performing landing approaches under instruinent 
flight conditions. Specifically, it was desired to in- 
crease the damping of lightly damped oscillatory modes 
of motions and to replace any divergent aperiodic modes 
The installation 
required for this investigation was considerably more 


with convergent aperiodic modes. 


extensive than the automatic control equipment in- 
All three 
control surfaces (elevator, aileron, and rudder) were 
operated by hydraulic servos. With the servos en- 
gaged, the pilot’s cockpit controls were mechanically 
separated from the control surfaces. 


stalled in the F4U-5 mentioned previously. 


Hence control 
surface motions due to artificial stability signals did not 
cause motion of the pilot’s controls, but the total con- 
trol deflection was determined by summing in the con- 
trol system computer the artificial stability signals and 
signals from the position of the pilot's controls. A 
photograph of this airplane is shown as Fig. 2. It will 
be noted that, although the apparent stability charac- 
teristics of the airplane could be varied through a wide 
range, no external change was made to the configura- 
tion of the airplane except for the installation of a 
test boom and an oil cooler required for the experi- 
mental hydraulic system. 

At approximately the same time that the C-45 


program was started, a second program was begun 
which involved the modification of two _ aircraft. 


Investigation of the lateral motion had already been 
undertaken by CAL, using the variable stability F4U-5, 
and by the NACA.* No comparable investigation had 
been started for the longitudinal motion of aircraft. 
Therefore a research program was begun for the Aero- 
nautical Research Laboratory of WADC to investigate 
longitudinal handling qualities. Since it is known 
that the handling qualities requirements differ for 
different classes of airplanes, the decision was made to 
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C-45 variable stability airplane. 


modify both a bomber.and a fighter airplane. The 
B-26 airplane was chosen as a typical light bomber. 
It is a twin-engined, propeller-driven bomber having a 
gross weight of approximately 30,000 Ibs. (Fig. 3). 
A turbojet-powered F-94A airplane having a gross 
weight of approximately 16,000 lbs. was chosen as 
typical of high-performance fighter aircraft (Fig. 4, 
headpiece, page 49). 

Both the B-26 and the F-94 airplanes were modified 
so that, like the C-45, the pilot’s control stick could be 
mechanically disengaged from the elevator or re- 
engaged in flight at the pilot’s discretion. The arti- 
ficial stability inputs were such that the following 
characteristics of the longitudinal motion could be 
varied in flight: 

(1) Static longitudinal stability. 

(2) Phugoid (long-period oscillation) period and 
damping. 

(3) Short-period oscillation period and damping. 

(4) Stick force gradients. 

(5) Effective gear ratio between the stick and the 
elevator. 


REQUIREMENTS FOR VARIABLE STABILITY 
CONTROL SYSTEMS FOR RESEARCH 
PURPOSES 


Control Force and Gearing 


In order to fulfill its purpose, the variable stability 
airplane must be capable of a wide range of handling 
characteristics, and it is desirable that these changes be 
attainable in flight. Furthermore, since the pilot’s 
controls should not move when the aerodynamic sur- 
faces are deflected in response to artificial stability 
inputs, it is necessary that either the stick and rudder 
pedals be mechanically disconnected from the surfaces 
during the evaluation flying or else that mechanical 
differentials be incorporated in the linkages between the 
pilot and the surfaces which permit aerodynamic 
control motion without a corresponding movement of 
the stick. In view of this, and in view of the require- 
ment that it be possible to vary the forces felt by the 
pilot through a wide range of values, these forces may 
generally be most conveniently obtained by auxiliary 
methods independent of the hinge moments existing on 
the aerodynamic surfaces. 


In addition to permitting large variations of force 
sensed by the pilot, introduction of these forces by 
artificial methods permits the simulation of almost any 
type of system which is likely to be met in practice. 
This is particularly important, since the forces of most 
of the high-speed aircraft of the present and immediate 
future are artificially obtained, without reference to the 
aerodynamic hinge moments of the surfaces. One of 
the primary functions of the variable stability airplane 
is to permit flight evaluation of the general suitability of 
these unconventional control systems. Examples of 
types of such systems and forces which might be evalu- 
ated using the variable stability airplane might include, 
but not necessarily be restricted to, the following: 

(1) Normal aerodynamic feel; force proportional to 
surface displacement and angle of attack variation and 
also proportional to dynamic pressure (air speed). 

(2) Forces due to a spring of fixed rate and not 
directly related to dynamic pressure. 

(3) Forces due to response of the airplane and not 
directly related to control displacement. Perhaps the 
simplest example of this is the bob-weight, which pro- 
duces a force proportional to normal acceleration. 
Forces which are a function of pitching or rolling 
velocity or acceleration, air speed, etc., might be other 
examples of this general class. 

(4) Forces which are special nonlinear functions of 
such variables as control position, normal acceleration, 
etc. 

(5) Friction, including both breakout and hysteresis 
effects. 

In addition to having a system of high versatility 
with respect to pilot’s force variations, it is desirable to 
be able to vary the effective gear ratio between the 
pilot’s controls and the aerodynamic surfaces. This is 
particularly desirable for the longitudinal control 
system since the fore-and-aft movement of the stick is 
a direct index of the fixed-control static longitudinal 
stability of the airplane. 


Stability Variations 


The desired variations of aircraft stability charac- 
teristics can generally be separated into two classes: 

(1) Modification of the forces and moments which 
nomally act on the airplane because of its various com- 
ponents of motion. This corresponds to changing the 


stability derivatives of the airplane. 


Fic. 3. B-26 variable stability airplane. 
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(2) Creation of new forces and moments (stability 
derivatives) resulting from components of airplane 
motion which do not normally produce forces and 
moments. 

The conventional yaw damper is an example of the 
first class of artificial stability. This device senses the 
yawing velocity of the airplane and deflects the rudder 
an amount proportional to the yawing velocity and in a 
direction to oppose it. It thus produces an increment 
of yawing moment due to yawing velocity which aug- 
ments the corresponding stability derivative inherent 
in the airplane. 

The yaw damper of the airplane can also apply rudder 
angle proportional to, and in a direction opposing, the 
rate of change of sideslip angle. This component of 
motion produces no significant moment on the con- 
ventional airplane. Hence the increased damping has 
been accomplished by the creation of a new stability 
derivative. This is an example of the second class of 
artificial stability. 

Both of these particular examples of artificial sta- 
bility produce an increased damping of the lateral 
oscillation. However, the behavior of the airplane in 
turbulent air can be expected to differ. The airplane 
which senses yawing velocity will tend to maintain a 
constant heading while undergoing lateral translational 
accelerations due to the gusts creating aerodynamic 
side forces, whereas the airplane which senses rate of 
change of sideslip will tend to weathercock into the 
gusts but, in so doing, will relieve the aerodynamic side 


TABLE 2 
Variations of Stability and Control Possible with C-45 Variable 
Stability Airplane 
(Equivalent Air Speed = 130 Knots) 


Range of Values 


Value of with Variable 


Normal Stability 
Parameter Airplane Equipment 
LONGITUDINAI 
Short period damping, ©¢ critical 74 No provision for 
change 
Short period frequency, c.p.s. 0.48 No provision for 
change 
Phugoid damping, “¢ critical 8 8 to more than 
100 
Phugoid frequency, c.p.s. 0.0285 0 to 0.0285 
Stick force per g, lbs./g 60* 20 to ot 
Stick-to-elevator gear ratio rela- 
tive to normal value | 1:1 to 
LATERAI 
Dutch roll damping, “¢ critical 10 10 to more than 
LOO 
Dutch roll frequency, c.p.s. 0.42 0 to 0.63 
Spiral convergence, time to halve 
disturbance, sec. 74.5 74.5 to 1 
Rudder pedal force per degree 
sideslip, lbs./deg. 12 4 to 
Pedal-to-rudder gear ratio relative 
to normal value aed 1:1 to 
Aileron control force per unit roll- 
ing velocity, lb./deg./sec. 0.67 0.22 to ~f 
Wheel-to-aileron gear ratio rela- 
tive to normal value Lek 1:1 to 


*Approximate; depends upon loading condition 
condition. 

{ For the normal value of control-to-surface gear ratio. Mini- 
mum value of control force per unit response increases as this 
gear ratio increases, because of characteristics of cockpit control 
servos. 


ind flight 


forces and thus reduce the magnitude of the lateral 
acceleration. Also, the airplane with yawing velocity 
sensing will oppose the yawing velocity in a steady turn 
(unless a special filter is introduced into the yaw damper 
which stops steady signals but passes signals in the 
desired frequency range), whereas an airplane with 
rate-of-change-of-sideslip sensing will not oppose the 
pilot during a steady coordinated turn since both 
sideslip and its rate of change are zero in this maneuver. 

Another example of the introduction of a stability 
derivative which does not normally exist would be a 
rolling moment due to bank angle. This would pro- 
duce an attitude reference not inherently present in an 
airplane and would require that the pilot maintain 
lateral (aileron) control column deflection in order to 
hold an established angle of bank in a steady turn. 
This characteristic is different from that of the normal 
airplane for which the control column is essentially 
neutralized laterally during a steady turn. 
flight would be introduced by this 
artificial stability derivative. The desirability of this 
characteristic would be evaluated in flight using the 
variable stability airplane. It is therefore seen that 
the introduction of artificial stability may simply 
modify existing stability and control characteristics 
of aircraft, or it may cause entirely new and different 
characteristics. 


Thus a new 
characteristic 


Effect of Servo Dynamics 


Thus far it has been assumed that the values of 
various stability derivatives can be changed or created 
by variable stability systems. This assumption is 
equivalent to specifying that the combined response of 
the pickup which senses the motion of the airplane 
(sideslip vane, accelerometer, rate gyro, etc.) and the 
servosystem is infinitely fast so that the required con- 
trol deflection is in phase with the input to the pickup. 
Obviously, this is not physically realizable. To il- 
lustrate the possible effect of control system response 
time, the results of a hypothetical typical example are 
given. For this example it was assumed that an air- 
plane would be chosen for a variable stability airplane 
having the normal acceleration response characteristics 
due to a step input of longitudinal control shown in 
Fig. 5. It was then assumed that it would be desirable 
to simulate the normal acceleration time history shown 
on this same figure. It may be seen that the desired 
frequency of oscillation is considerably greater than 
that of the unmodified airplane, and the desired damp- 
ing of the motion is less. Based on the assumption 
that the control system is infinitely fast, incremental 
values of pitching moments due to angle of attack, rate 
of change of angle of attack, and pitching velocity were 
determined which resulted in a time history of normal 
acceleration which closely approximated the desired 
acceleration time history. This comparisou and the 
incremental values of ACh» ACnp.» and ACn, are 
shown in Fig. 5. Next, an overall first-order dynamit 
characteristic for the control system was assumed 
having a time constant, or characteristic time, o 
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TABLE 3 

Variations of Longitudinal Stability and Control Possible with 
B-26 Variable Stability Airplane 

(Equivalent Air Speed = 175 Knots) 


Range of Values 


Value of with Variable 
Normal Stability 
Parameter Airplane Equipment 
Short period damping, % critical 70 0 to 120 
Short period frequency, c.p.s. 0.45 0.10 to 0.60 
Phugoid damping, %% critical 7 —10 to 30 
Phugoid frequency, c.p.s. 0.020 0.010 to 0.025 
Stick force per g, lbs./g 65* 10 to of 
Stick-to-elevator gear ratio rela- 
tive to normal value Tea | 0:1to4:1 


* Approximate; depends upon loading condition and flight 
condition. 

+ For the normal value of stick-to-elevator gear ratio. Mini- 
mum value of stick force per g increases as this gear ratio in- 
creases, because of characteristics of stick servo. 


0.05 sec. The response of the airplane was then cal- 
culated on the same incremental values of artificial 
stability gains which were used with the ideal (no time 
lag) servosystem. A marked deterioration of the 
damping of the airplane occurred. The incremental 
values of the artificial stability gains were then modi- 
fied so that the response of the airplane corresponded 
closely to the time history which had originally been 
specified as desired. It will be seen that it was neces- 
sary to change the nominal value of AC,,, somewhat 
and of ACmp, by an order of magnitude in order to 
compensate for the effect of servosystem lags. Fur- 
thermore, this effect was obtained even though a 
relatively fast servosystem was assumed. Hence it 
must be concluded that, while it is simple and con- 
venient to describe artificial stability gains in terms of 
their equivalent, steady-state, incremental stability 
derivatives, the action of the servo system may produce 
a result which is considerably more complex than that 
obtained by modifying a single stability derivative of 
the airplane. This effect, while important, does not 
generally impair the usefulness of the variable sta- 
bility airplane since it is possible to simulate a given 
desired airplane motion within practical tolerances by 
proper adjustment of the nominal incremental values 
of the stability derivatives. 


Range of Variation Attainable 


Although it would appear to be desirable to specify 
the magnitude of the variations of stability derivatives 
which experience has shown to be necessary and ade- 
quate for this type of flight research work, such a 
specification is difficult for several reasons. First of 
these is that, as mentioned above, it is not correct to 
consider the changes which take place as literal changes 
of stability derivatives. Second, the magnitude of 
changes of stability derivatives is not usually of as 
much direct interest as the chariges which can be made 
in the characteristic modes of motion of the airplane 
(phugoid and short-period longitudinal oscillations 
and Dutch roll and spiral lateral motions). Further- 
more, the range of values through which it is desirable 
to vary the stability characteristics of the research 


TABLE 4 
Variation of Longitudinal Stability and Control Possible with 
F-94 Variable Stability Airplane 
(Equivalent Air Speed = 300 Knots) 


Range of Values 


Value of with Variable 
Normal Stability 
Parameter Airplane Equipment 
Short period damping, “% critical 60 0 to 150 
Short period frequency, c.p.s. 0.46 0.10 to 0.80 
Phugoid damping, “% critical 10 —10 to 30 
Phugoid frequency, c.p.s. 0.010 0.0067 to 0.020 
Stick force per g, lbs./g. 8* 3 to of 
Stick-to-elevator gear ratio rela- 
tive to normal value 0:1 to 8:1 


* Approximate; depends upon loading condition and flight 
condition. 
{ For the normal value of stick-to-elevator gear ratio. Mini- 
mum value of stick force per g increases as this gear ratio in- 
creases, because of characteristics of stick servo. 


airplane depends upon the use which is to be made of 
this airplane, although generally the range of variations 
will be made as large as is practical under the particular 
circumstances. 

The variations which could be obtained with several 
of the recent variable stability airplanes developed at 
CAL may be of interest as a general indication of the 
magnitude of the ranges which have proved to be 
satisfactory up to the present time. A tabulation of 
the range of motion variations which could be produced 
with the modified C-45 airplane is shown in Table 2. 
Similar data for the modified B-26 and F-94 are con- 
tained in Tables 3 and 4. It should be borne in mind 
that the control equipment for the modified C-45 was 
not designed specifically to vary the stability and 
control characteristics of this airplane through wide 
ranges. Rather it was designed to modify the dynamic 
stability characteristics during the landing approach to 
achieve a prescribed result, and the variations possible 
from these prescribed characteristics were relatively 
incidental. Therefore the possible variations of air- 
plane motion were not determined, and the information 
given in Table 2 is approximate. It should be noted 
that, whereas Table 2 shows that the stability char- 
acteristics of the C-45 airplane could be improved only 
relative to their normal values, minor modifications to 
the control equipment would have made possible the 
simulation of stability characteristics which were 
poorer than those of the normal airplane. The modi- 
fications to the B-26 and the F-94 were specifically 
designed to permit large variations of longitudinal 
stability and control characteristics. 


INSTALLATION OF CONTROL SYSTEMS 


Since similarities exist among all of the recent vari- 
able stability airplanes developed by CAL,** only one 
of these installations will be described. This is the 
longitudinal control system which is installed in the 
F-94. 

Artificial control forces and elevator motion are 
obtained by two hydraulic servoactuators. The pilot’s 


control stick in the forward cockpit can be mechan- 
ically disengaged from or re-engaged to the elevator 


2 
} 
| 
f 
i | 


54 AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 1955 


control linkage in flight at the pilot’s discretion. The 
control stick of the copilot, who is seated in the rear 
cockpit, always remains mechanically connected to the 
elevator linkage. 


Control Stick Servo 


When the pilot disengages his stick from the elevator 
linkage he engages it to one of the hydraulic actuators 
which is used to obtain artificial control forces. A 
block diagram of the artificial control force system is 
shown as Fig. 6, in which it can be seen that the system 
is a normal position servo. When the pilot applies a 
force to the stick, the strain gage bridge installed on the 
stick produces an electrical output which acts as au 
input to the servosystem. The servoactuator then 
moves the control stick an amount proportional to the 
force applied by the pilot. This system also senses 
angle of attack changes, and the stick is moved by the 
servo an amount proportional to this change. The 
amount of stick motion due to stick force is inversely 
proportional to the dynamic pressure, g, at which the 
airplane is flying. Thus it is possible to simulate 
normal aerodynamic hinge moments where this hinge 
moment is proportional to the product of dynamic 
pressure and the sum of the hinge moment coefficient 
contributions due to control deflection and angle of 
attack. Provison is also made, of course, to permit 
the pilot to trim the stick to various positions at zero 
stick force. A photograph of the modified control 
stick installation is shown as Fig. 7. 

This control force system is relatively complex and 
heavy. However, it permits extremely simple ad- 
justment of the force characteristics through wide 
ranges and has proved to be exceptionally well suited 
for the research purposes for which it was designed. 
It should be mentioned, however, that this type of 
control system is susceptible to dynamic instability 
because of the effect of the inertia of the control stick 
above the strain gage installation. Angular accelera- 
tion of the control stick by the servo, coupled with the 
inertia of the control stick, causes a bending moment at 
the strain gage location. The strain gage bridge output 
due to this bending moment becomes an input to the 
servo. The relatively high angular accelerations of the 
stick and large servo lag angles associated with high 
frequencies can result in dynamic instability as the 
output level of the strain gage bridge is increased 
beyond a critical value. This limits the minimum 
control force gradient which can be attained, since this 
gradient is inversely proportional to the strain gage 
setting. Minimizing the amount of control stick 
inertia above the strain gage installation does not 
necessarily solve this problem, since the effective in 
ertia added by the pilot grasping the stick appears to 
be relatively large. Compensation can be obtained, 
however, by installing an accelerometer unit on the 
stick so that its output opposes the strain gage output 
due to inertia loads. Some alleviation of this effect 
may also be obtained by reducing the position feedback 
gain of the servoloop, since the inertia effects are 


greater for a snappy servo. However, the servo cannot 
be slowed down to the point where its response seems 
sluggish to the pilot in flight. 


Elevator Servo 


The servosystem which operates the elevator is a 
relatively straightforward position servo with several 
inputs. A simplified block diagram of the installation 
is shown as Fig. 8. The pilot’s control stick input to 
this servo can be obtained in either of two ways. A 
signal can be taken from a potentiometer which detects 
the motion of the stick, or else the strain gage output 
due to stick force can be fed directly to the elevator 
servo. The first method has the slight disadvantage 
of introducing a delay through the time lag of the stick 
servo before the signal due to stick motion is trans- 
mitted to the elevator servo. Thus a delay resulting 
from two servos acting in series occurs between the 
time that the pilot exerts a force on the stick until the 
elevator moves. This delay may be reduced to the lag 
of one servo by transmitting the pilot’s stick force 
signal directly to the elevator servo. While the delay 
of two servos need not be serious, it may become so if it 
is an appreciable fraction of the response time of the 
airplane. The elevator servo installation is shown in 
Fig. 9. When engaged, this servo is locked to the 
copilot’s stick. The control panel, which is used by 
the copilot to set different stability and stick force 
characteristics in flight, is visible at the left side of this 
figure. 


Safety Features 


Although the control system has proved itself to be 
reliable, a number of safety features were incorporated 
in its design to provide rapid disengagement in flight 
if this should become necessary. As has been pointed 
out previously, the copilot’s control stick is always 
mechanically engaged to the elevator linkage so that 
he can take over control of the airplane immediately 
upon disengagement of the servosystem. Both the 
pilot and copilot are provided with emergency dis- 
engage buttons. When depressed, these buttons 
actuate valves which shut off the hydraulic pressure 
supply to both servos and permit the hydraulic fluid to 
by-pass from one side of the servoactuator cylinder to 
the other without material restriction as the piston 
moves in the actuator. Movement of a single lever. 
mounted near the base of the pilot's control stick, 
mechanically disengages the elevator servo from the 
elevator linkage and simultaneously operates a micro- 
switch which performs the same function as if the 
emergency disengage button mentioned above were 
depressed. In addition, if the error voltage supplied 
to the servovalve should exceed a value determined to 
be sufficient for normal operation, the servosystem 1s 
automatically turned off. This feature protects against 
the consequences of hard-over signals which might 
arise as a result of electrical component failure. Addi 
tional overall protection is provided by hydraulic 
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pressure relief valves set to limit the servo force output 
to a value which will prevent it from deflecting the 
elevator sufficiently to develop dangerous values of 
normal acceleration. It is interesting to note that, 
while similar provisions have been made on all of the 
variable stability airplanes operated by CAL, no in- 
flight emergency condition has ever occurred which 
required their use. 


Phugoid Control 


Investigation of the values of the incremental pitch- 
ing moments required to modify the period and the 
damping of the long-period phugoid oscillation showed 
that extremely small pitching moments are required in 
order to produce large modifications of the oscillation 
characteristics. In fact, the elevator deflections re- 
quired to produce them place stringent requirements on 
the resolution capabilities of the elevator servo. Upon 
consideration of all factors involved, it was concluded 
that the simplest solution to this problem consisted of 
the installation of a small, separate control surface on 
the F-94, operated by its own servo. This pair of small 
(approximately 3 by 10 in. each) all-moving control 
surfaces is mounted near the nose of the airplane. 
The installation is shown in Fig. 10. Deflection of the 
surfaces is proportional to air speed (to modify phugoid 
period) and to rate of change of air speed (to modify 
phugoid damping). 


Although the introduction of pitching moments due 
to incremental variations of air speed and rate-of- 
change of air speed offers powerful means for varying 
the phugoid characteristics, they tend to make the 
airplane respond excessively to horizontal gusts. This 
is due to the fact that such gusts produce comparatively 
high frequency changes of the apparent air speed al- 
though the airplane’s velocity with respect to space 
may not be changed appreciably. Since the phugoid 
oscillation frequency is much lower than the frequency 
of air-speed variations due to gusts, it is possible 
essentially to eliminate the gust effects by use of a low- 
pass filtering technique or its equivalent. This effect 
was accomplished on the F-94 by gearing down the 
auxiliary control surface servo so that the maximum 
rate of displacement of the surface is 2° per sec. The 
combination of low maximum rate of displacement 
and low effectiveness of the auxiliary surface prevents 
the surface from applying an appreciable pitching 
moment to the airplane during the brief interval 
when the gust changes the air speed from the mean. 
The maximum rate of displacement of the surface 
required for control of the low frequency oscillation 
of the phugoid motion is less than this limiting 
value, so the control is effective for modifying 
the phugoid characteristics. The same method of a 
velocity-limited auxiliary surface is also used for the 
B-26, whereas the modified C-45 utilizes a low-pass 
filter and the normal elevator for increasing the phugoid 
damping. Satisfactory results are obtained with 
either of these systems. 


(GENERAL RESULTS OF FLIGHT RESEARCH 


Although classification prevents detailed quantitative 
discussion of the results of a considerable portion of 
the flight research accomplished with these variable 
stability aircraft, certain general results may be men- 
tioned which are of interest. 


Pilot Requirements 

Since the determination of desirable flying qualities 
is a semiqualitative procedure largely dependent upon 
the opinions of the pilots conducting the evaluation, it 
might be anticipated that a large amount of flying by a 
number of pilots would be required in order to arrive 
at a reliable assessment of a given configuration. 
Flight research is generally a complex and relatively 
expensive undertaking, and economic factors, therefore, 
place a limit on the amount of data which may be 
collected. Fortunately, however, experience has 
shown that the results obtained by the use of a few 
competent test pilots agree extremely well with those 
obtained when using a considerably larger number of 
pilots. The data shown in Fig. 11 illustrate an example 
of this. The points shown on this plot correspond to 
an evaluation of one of the characteristic lateral 
motions by 19 different pilots. The pilots judged the 
characteristics of each configuration to be within one of 
four categories—excellent, satisfactory, tolerable, or 
unsatisfactory. As an aid in determining the boundary 
between the satisfactory and unsatisfactory regions, 
the tolerable and excellent points were eliminated from 
the plot shown in Fig. 11. The solid points were 
judged to be unsatisfactory, and the open points were 
considered to be satisfactory conditions. The diamond- 
shaped points were those of the first evaluation pilot, 
while the round points are those of the remaining 18 
pilots. It will be seen that, with perhaps the exception 
of a single point, the evaluation of the first pilot is in 
excellent agreement with those of all the others. 
Another point which has been noted is that the qualita- 
tive opinions of experienced pilots remain essentially 
consistent and do not scatter from flight to flight. 

One of the principal difficulties encountered in the 
analysis of qualitative data is the attainment of mutual 
understanding between the pilot and the engineer. 
Frequently the pilot does not attach precisely the same 
meaning to such words as ‘damping,’ ‘‘stability,” 
“‘stiffness,’’ and so forth as does the engineer. Sim- 
ilarly, the engineer may have difficulty in explaining 
to the pilot just what he wishes to have evaluated. 
These things—coupled with the almost inescapable 
feeling on the part of the pilot that at times he, and not 
the airplane, is being evaluated—make it highly de- 
sirable that the pilot and engineer work together for a 
sufficient period of time so that they really understand 
and trust each other. This means that useful results 
are more likely to be obtained in a limited time from a 
few experienced “‘calibrated’’ pilots than from a large 
number of pilots picked essentially at random. 

It should also be pointed out that handling qualities 
evaluation is an exacting assignment. Experience has 
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shown that if a pilot attempts to examine more than 
about four different longitudinal stability configura- 
tions during a single flight, he loses his discrimination 
and the results obtained during the latter portion of the 
flight are not reliable. One test pilot, having extensive 
experience in practically all phases of test flying, has 
stated that the handling qualities evaluation work 
which he has conducted in the variable stability air- 
plane has been the most exacting and demanding as- 
signment of his career. 


Control Force Characteristics 


The handling characteristics of the variable stability 
airplanes have always felt natural to the pilots—that 
is, the pilots do not notice that they are controlling the 
airplane through a rather involved servocontrol 
system. In fact, the comment has been made that if 
the control system were set to simulate the normal 
control force characteristics of the airplane being flown 
and the pilot was not specifically aware that he was 
flying the airplane through the servosystem, he would 
assume that he was flying the airplane in its standard 
configuration. It is, of course, important that this 
characteristic be achieved since, if the servos introduce 
effects which appear to be artificial to the pilot, these 
effects in themselves will influence the rating of the 
configuration. 

It is interesting to note that the only difference 
between the artificial control forces and the normal 
control forces which has caused comment by the pilots 
is the absence of friction effects when operating on the 
servo system. The artificial control system has no 
detectable breakout or hysteresis friction effects. 
Ironically, this does not appear to be a completely 
desirable situation since several pilots have stated that 
it tends to make the airplane rather sensitive to small 
stick forces in normal flight. It appears that a small 
amount of breakout force is desirable, and devices are 
being developed for these airplanes at the present time 
to permit controllable amounts of breakout and hys- 
teresis friction to be simulated. Hence, while ex- 
cessive friction has long been a problem in the design of 
aircraft control systems, the variable stability airplanes 
face the opposite problem in that they do not seem to 
have sufficient friction without specifically designing it 
into the control systems. It is probable that the 
desirable minimum and tolerable maximum friction 
effects are related to the stick force gradients and 
dynamic response characteristics of a given airplane. 
The design of the controllable friction simulator, 
already mentioned, permits the first rational investi- 
gation of these friction limits by flight research with 
variable stability aircraft. 

It has been found that desired values of control force 
‘characteristics, such as stick force per g, are not neces- 
sarily independent of the dynamic response of the air- 
craft. For example, it has been established that an 
interrelationship exists between desired longitudinal 
control forces, the stick motion required for maneuver- 
ing, and the frequency and damping of the short-period 


longitudinal motion of the aircraft. For example, 
while the pilot generally desires increased damping of 
the motion up to a certain point, if the damping is made 
excessive (with stick force per g, stick motion per g, 
and frequency remaining constant), he will comment 
that the stick forces have become too heavy. The 
same comment will be made if the damping is held 
constant and the frequency of the motion is reduced. 
Similarly, the pilot's judgment of optimum stick force _ 
varies appreciably as the stick-to-elevator gear ratio 
is changed while the frequency and damping of the 
short-period motion are held constant. The latter 
result is somewhat surprising since it has been generally 
assumed that the importance of stick motion is ex- 
tremely small if it exists at all. In general, the pilot 
appears to be more sensitive to variations in stick-to- 
elevator gear ratio than had been anticipated, and he is 
reliably able to detect changes when this gear ratio is 
changed from normal to 70 per cent of normal. 

An evaluation of desired control forces in the B-26 
variable stability airplane by a group of pilots produced 
interesting results. While all of these pilots had an 
appreciable amount of flight experience in multi- 
engined aircraft, approximately half of the group had 
had considerable recent fighter experience, whereas the 
remainder had had no recent fighter experience. The 
pilots who had not had fighter experience consistently 
desired control forces which were higher than the forces 
considered to be optimum by the pilots with recent 
fighter experience. The level of forces desired in the 
modified B-26 by the latter pilots was a number of 
times higher than the normally desired level of fighter 
stick forces, however, and was of the same general 
magnitude as the forces desired by the pilots with large 
aircraft experience exclusively. Also, a tendency was 
noted for the heavy aircraft pilots to lower their op- 
timum force selection as they gained more familiarity 
with the B-26 at lower stick force levels. It is not 
known whether, if given sufficient familiarization time, 
the desired level of stick forces of the heavy aircraft 
pilots would have been reduced to the desired level of 
the pilots with fighter experience. It was also ob- 
served that the pilots would accept higher values of 
stick force per g at low speeds than they would at high 
speeds. This was attributed by the pilots to the fact 
that maneuvering at low speeds was restricted by the 
possibility of stalling, whereas considerably higher load 
factors were frequently attained at high speeds. If 
the stick force per g decreases with increasing speed, the 
maximum desired load factor at any given speed would 
be obtained with a roughly constant control force. 

During all of these evaluations the pilots were not 
informed of the characteristics of the airplane. Fur- 
thermore, several configurations were repeated at 
intervals during the programs to check the consistency 
of the pilots’ rating standards. 


Phugoid Evaluation 


The ability to vary the damping of the phugoid 
oscillation through a broad range of values has permit- 
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ted quantitative work to be begun in an area of longi- 
tudinal dynamics which has long been ignored. AI- 
though practically all airplanes have had quite low 
values of the damping of the phugoid oscillation, the 
period of this oscillation is so long (expressed in seconds 
it is approximately one-fifth of the true speed of flight 
in miles per hour) that little significance has been at- 
tributed to this fact. There are cases, however, where 
poor phugoid damping characteristics are known to 
have led to flight characteristics which pilots have 
considered to be unsatisfactory.’ These difficulties 
have not always been immediately recognized as being 
due to poor phugoid characteristics, for the effects of 
this motion are subtle. The period of this motion is so 
long that the pilot does not recognize it as an oscillation. 
Rather, he attributes his inability to maintain a given 
altitude or speed to poor trim characteristics or makes 
more nebulous complaints about “‘peculiar feel’ of the 
longitudinal control. Knowledge of such instances, 
coupled with the knowledge that design trends for 
modern and future aircraft tend to reduce the already 
low damping of the phugoid (due principally to the 
thrust characteristics of turbojet-powered aircraft 
compared to propeller-driven aircraft), led to the de- 
cision to conduct a quantitative investigation of the 
effects of varying phugoid characteristics. 


A limited amount of flight research of the phugoid 
motion has been completed at this time using the 
modified B-26 airplane. Although insufficient work 
has been completed to date to permit quantitative rec- 
ommendations for phugoid damping requirements, 
sufficient work has been accomplished to indicate that 
the damping of this motion definitely influences the 
pilot's opinion of the characteristics of the airplane 
under certain flight conditions, and the analysis of 
quantitative data confirms that the pilot’s ability to 
control the airplane precisely is impaired by low 
phugoid damping. 


It was quickly demonstrated that the effect of phu- 
goid damping on the pilot’s opinion of the airplane 
during brief periods of contact (VFR) flight was of 
little significance. However, when the pilot was 
placed under a hood and required to fly the airplane in 
accordance with instrument flight regulations, the 
results obtained were quite different. 


The pilot was instructed to fly the airplane for a 
period of an hour and a half, during which time three 
different settings of phugoid damping were evaluated 
for 30 min. each. The pilot was required to both 
navigate and fly the airplane, and normal instrument 
flight procedures were followed. No information 
concerning the damping at a given time was given to 
the pilot, except that he was advised when the damping 
was changed. He was asked to give his opinion of the 
control characteristics of the airplane tor each con- 
figuration, and, at the same time, a recording of altitude 
and air speed was made at frequent and regular in- 
tervals throughout each run. Since the pilot tended to 
hold altitude at a more nearly constant value than he 


did air speed, greater significance is attached to the 
former quantity. 

The pilot’s comments showed good correlation with 
the damping of the phugoid motion. It is interesting 
to note that when the damping was poor he made 
little mention of the phugoid oscillation but was more 
likely to comment that his instrument flight technique 
seemed rusty, that he was encountering some difficulty 
in maintaining altitude and speed within desired 
tolerances, or that air turbulence seemed bothersome ° 
and might be unduly influencing him. Whenever the 
damping was increased, the importance which he 
attached to these factors was absent. 

The records were analyzed in terms of power spectral 
densities of deviations of the airplane from mean flight 
conditions. An indication of the effect of phugoid 
damping on the pilot’s ability to control altitude is 
shown in Fig. 12. This figure shows the power spectral 
density of three runs obtained on a given flight with dif- 
ferent damping for each run. The effect of damping on 
precision of altitude control is apparent. The quan- 
titative repeatability of the data (at least for a given 
flight) is shown in Fig. 13. The damping was kept con- 
stant for all three runs of the flight from which the data 
for Fig. 13 were obtained. This was not known to the 
pilot, who rated the three runs as “‘poor,”’ “‘fair,”” and 
“‘medium-poor to medium-fair.’’ He also noted that 
the damping was less than that of the normal airplane 
for all three configurations, which was correct, and that 
the turbulence was medium to heavy, whereas the 
safety pilot’s opinion of the turbulence was light to 
moderate. Although the repeatability of all of the data 
obtained was not so excellent as that shown in Fig. 13, 
it was generally good and permitted construction of 
curves of the value of the power spectral density of 
altitude variation at stated frequencies as functions of 
the damping ratio. An example of such curves taken 
at the phugoid frequency and at twice this frequency is 
shown in Fig. 14. This figure gives an excellent sum- 
mary of the importance of phugoid damping in deter- 
mining the capability of precise altitude control. Simi- 
lar conclusions can be drawn with regard to air speed. 


CONCLUDING REMARKS 


The use of servomechanism installations for modify- 
ing the stability and control characteristics of aircraft 
has proved to be an excellent method for evaluating 
various flying qualities. In fact, the use of these air- 
planes supplies the first means available for investi- 
gating the individual effects which act in combination 
to influence acceptability of the handling characteris- 
tics of aircraft. Although valuable handling qualities 
information can be and has been obtained by using 
conventional aircraft of fixed configuration, only limited 
areas of stability and control characteristics can be cov- 
ered by this method. When it is further considered 
that one of the major causes of difficulty and delay in 
the development of new aircraft is attributable to the 
attainment of satisfactory handling qualities, it be- 

(Continued on page 80) 


| 
| | 
| 


Thermal Characteristics of Aircraft 
Structural Components—Evaluation 


and Application 


INTRODUCTION 


— AIRCRAFT CONCEPTION to prototype, the engi- 
neer works with an accuracy that overwhelms the 
imagination. This pinpointing of each contributing 
factor in the aircraft design is not necessarily the most 
desirable device. In the field of air-frame heat trans- 
mission problems, discussed herein, there are several 
strong reasons for the adoption and use of a simplified 
analytical approach. This article will indicate: 

(1) The use of standardized tabulations and graphs 
of the thermal characteristics of structural components 
in a simplified analytical method. 

(2) The time and place to use the simplified method of 
(1). 

The data given should be sufficient to permit the de- 
sign engineer to achieve, in minimum time, a complete 
aircraft heat transmission analysis. 


BACKGROUND 


Experimental postwar aircraft have flown at more 
than twice the speed of sound, while production air- 
craft are now in the transonic and sonic class. With 
this new phase of flight, some of the old problems—es- 
pecially those of heat generation and its transmission 
have achieved alarming proportions which will challenge 
the best of designers. 

The problem on hand, thermal characteristics of air- 
craft structural components, is thus of great practical 
importance in the future aircraft as we envision them 
today. 

First, let us look at the problem of temperatures to 
be encountered in present and future aircraft. Fig. 1 
shows the variation of expected aircraft skin surface 
temperatures at various altitudes for a variety of Mach 
Numbers. Taking note of these values, we can readily 
see that for present-day materials and equipment the 
heat-transfer rates will be immense. The solution of the 
actual heat transfers and temperature variations is 
dependent primarily upon empirical analyses applied to 
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the physical problem. Heat input into an aircraft | 
(typical) is shown in Fig. 2. Thus the heat-transfer | 
and temperature problem becomes apparent and for- 
bidding. 

Thermal characteristics of aircraft structure are, in 
the majority, based on the magnitude of such param- 
eters as atmospheric pressure and temperature, air 
speed, and materials involved. The thermal character- 
istics of any particular section of structure is a function 
of the individual heat-transfer moduli and hence of the 
overall heat transmission modulus. The heat-transfer 
flux between two areas of different temperature can be | 
shown to be 


H = AU (te — ti) B.t.u./hr. (1) 
where 
A = heat-transfer area perpendicular to the heat 
path, ft.” 
U = overall heat transmission modulus or overall 
heat conductance, B.t.u./hr.-ft.*-°F. 
t; = region of high temperature, °F. 
tg = region of low temperature, °F. 


This analytically derived equation depends upon the 
empirical evaluation of the overall heat conductance 
(based on component thermal properties). The over- 
all heat conductance has been established as 


1/U = 1/fo+ 1/fo + 1/fi +... + + X2/Re +... 
(-) 
where 
fo, fo, fg = values of the various surface (gas) film 
heat-transfer moduli, B.t.u./hr.-ft.’ 
°F. 

X1, Xe, X3 = linear thickness of solid structural mate- 
rial in the heat-transfer path, inches or 
feet corresponding to values of ther- 
mal conductance, k. 

ki, ke, k3 = thermal conductance of the solid struc- 


tural material, B.t.u. /hr.-ft.2-°F./in. 


or per ft. 
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The accurate evaluation of the heat-transfer moduli 
is quite involved, and in practically all cases it is suf- 
ficient to use approximations; this is particularly so for 
use in the preliminary design period. The question as 
to when more accurate methods of evaluation of the 
heat-transfer moduli, and consequently total heat 
transfer, should be used is the next step. 

The advisability of whether to attempt a more ac- 
curate analysis is dependent upon (1) requirement of an 
optimum design, (2) availability of heat-transfer data, 
(3) accuracy and applicability of available data, and 
(4) time requirements. 

The optimum design can only become a reality if the 
availability, accuracy, and applicability of data are of 
such caliber as to permit a complete analysis during a 
permissible period of time. Thus it is obvious that 
these four points are interrelated and must be complied 
with to achieve the optimization of a given design. 

Experience has shown that there are insufficient ex- 
perimental data to fit all problems either geometrically 
or aerodynamically so that each aircraft heat-transfer 
problem is a peculiar case. This indicates that only by 
physical testing under actual or simulated operating 
conditions can proper heat-transfer information be ob- 
tained. Furthermore, even the accuracy of readily 
available data, such as on the thermal conductivity of 
metals, cannot be construed as perfect since materials 
in many cases vary from lot to lot. 

In summary, the following reasons are given for using 
the rapid, simplified method of analysis discussed herein. 
First, the overall heat transfer obtained by this method 
will probably deviate from the values obtained by 
means of the most accurate method by no more than 
+5 to 10 per cent. Second, there are insufficient data 
to cover all design geometries and conditions to be ex- 
pected. Third, the time required, including literature 
surveys, to complete the actual optimum design by 
accurate analysis will most likely run to four or five 
times that required to do the same job by means of the 
simplified approach discussed here. 


EVALUATION AND APPLICATION 


In today’s aircraft the movement of air inside the 
cabin and most compartments—e.g., electronic, photo- 
graphic, etc.—is reasonably slow, approximately 200 ft. 
per min. Based on an empirical analysis, Eq. (3), an 
internal film heat-transfer modulus, f;, of 1.7 has been 
found to be reasonable over a normal range of flight 
conditions. 


= 1.198 Vo, B.t.u./hr.-ft.*-°F. (3) 
where 


density ratio 


velocity of compartment airflow, ft. /sec. 


For the outside surface film heat-transfer modulus, 
‘), the following approximate equation is used: 


= 1.65 + 0.65 V,°-*!, B.t.u./hr.-ft.?-°F. (4) 


where }) = aircraft true air speed, m.p.h. 


Heat transfer in enclosed airspaces varies with air 
gap or space position—.e., horizontal, oblique, vertical, 
Experiments show that the heat 
exchange between two plates separated by an enclosed 
air gap is dependent upon all three forms of heat trans- 
fer—i.e., conduction, convection, and radiation. The 


and gap geometry. 


effect of conduction is reduced with increase in air gap 
length. For gaps of 3/4 in. and over, the conduction is 
of secondary importance. The insulating value of air 
layers cannot be increased infinitely by increasing gap 
thickness—as is the case with solid materials—but 
rather is limited. For this reason, if found necessary, 
it is best to divide large (along length of heat-transfer 
path) air gaps into smaller ones by means of some solid 
barrier. The resistance to convection and radiation 
increases approximately proportional to the number of 
barriers. In the aircraft design work under discussion 
the gap thickness is usually not over 2 in. nor under 3/4 
in. From available data, the heat transfer across an 
air gap, as envisioned here, is expressed as 


QO, = f, A (te — th), B.t.u./hr. (5) 
where 

f, = heat-transfer modulus of the air gap, B.t.u. hr.- 
ft.2-°F. 

A = area of gap perpendicular to heat-transfer path, 
ft. (Correction for side frames enclosing air 
gap is shown in later paragraphs. ) 

fp = temperature of hot surface, °F. 

t; = temperature of cold surface, °F. 


The heat-transfer modulus, f,, is evaluated by the 
following approximate equation: 


f, = 0.33 at (6) 


To reduce this to a more usable form, assume a value 
for At of approximately SO°F. Thus 


fy = 1.0B.t.u./hr.-ft.?-°F. (7) 


In any fuselage and/or compartment construction, 
the stringers, frames, etc., which are either covered with 
sound or thermal insulating material or left untouched, 
create a finned heat-transfer surface. This fin action 
increases the heat-transfer flux. To account for this 
fact, the area ratio correction factor shown in the fol- 
lowing two examples has been employed. 


Example 1 


Determine the overall heat-transfer conductance, U, 
of the configuration shown in Fig. 3. Assume the 
values as shown on the sketch. 

Area ratio correction factor, C,, 


C, = (S + + L.)/S 
Thus 
C, = (10 + 6 + 0.75)/10 = 1.675 


These fins (frames) will effectively increase the heat- 
transfer conductance of the inside film; therefore 
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ALUMINUM (0.032"" +) 


RIB SPACING IS 
ONE EVERY FOOT 


Al 


SPAR SPACING VARIES, 5% AND 
25% WILL BE ASSUMED HERE. 


WING STRUCTURE 


OVERALL CONDUCTANCE IN THIS CASE 
INDICATES THE RATE OF HEAT TRANSMISSION 
TO THE WING CENTERPLANE (ABOVE) FROM THE 
WING LE TO THE 25% CHORD POSITION. 


Vo MPH OVERALL CONDUCTANCE, U 
0 1.0 
100 5.7 
300 6.5 
500 6.6 


FIGURE 13 - MISCELLANEOUS STRUCTURE, WING 


72 =G Xf, 
= 1.675 xX 1.7 
= 2.85 


The overall conductance is determined then as 


U fo ky + l j 
1/U = 1/30 + 0.032/850 + 1/2.85 
1/U = 0.385 
U = 2.6 B.t.u./hr.-ft.?-°F. 
Example 2 


Determine the overall heat-transfer conductance, L’, 
of the configuration shown in Fig. 4. 
ues as shown on the sketch. 

The area correction factor C, = 1.675 as in Example 
1. The area correction factor is now applied to the air 
gap since it is this item that is affected by the fins or 
frames. Therefore, the air gap heat-transfer modulus, 


Ig, 1S 


Assume the val- 


fi Ki, 
= 1.675 X 1.0 
1.675 B.t.u./hr.-ft.2-°F. 


The overall heat-transfer conductance is then deter- 
mined as 


] U = ] fy + + ] + Xo ko + X3 k; + 
1/U = 1/30 + 0.032/850 + 1/1.675 + 1/0.27 + 
0.0625/0.28 + 1/1.7 


WING 
CENTERPLANE 


ENGINE 
AIR 
INLET 


ALUMINUM SKIN (0.032’’+ EACH SIDE 


10" 


ENGINE INLET STRUCTURE 
OVERALL THERMAL CONDUCTANCE INDICATING 


THE RATE OF HEAT TRANSFER FROM THE TWO 
AIRSTREAMS TO A POINT WITHIN THE DUCT 

STRUCTURE. 

Vo MPH Vintet MPH OVERALL COND. U 

XTERNAL INTERNAL 

0 0 0.95 
0 400 0.95 1.7 

500 400 1.8 1.7 

500 500 1.8 1.8 


FIGURE 13 —- MISCELLANEOUS STRUCTURE, ENGINE 


1/U = 5.152 
U = 0.194 B.t.u./hr.-ft.?-°F. 


Thus, the addition of the fiberglass insulation has 
reduced the heat conductance of the geometry to ap- 
proximately one-thirteenth of that of the uninsulated 
structure as shown in Fig. 3. 

In all of this work, the spanwise, or fore-and-aft, heat 
conduction through the structural members is neg- 
lected. In most cases, this type of heat exchange is 
negligible. 

Another item to remember is apparent in the data 
that follows—namely, that airplane velocity has little, 
if any, effect on the overall heat-transfer conductance 
at speeds above 100 m.p.h. This is to be expected as 
the very nature of the analytical methods involved 
clearly indicates the secondary importance of film con- 
ductances of a high value. (See the two previous ex- 
amples as well.) 

The figures that follow indicate typical aircraft struc- 
tures and their thermal characteristics—i.e., overall 
thermal conductance. The structures investigated for 
presentation herein are: 
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The Response Characteristics of Airplane 
and Missile Pressure Measuring Systems 


SYMBOLS 


» 


cross-sectional area of minimum restriction in 
plumbing system, sq.in. 


the 


B = system geometry constant, 1/sec. 

D = minimum restriction diameter, in. 

g = gravitational constant, 32.2 ft. per sec.? 

H altitude factor, | p[B/(dp/dt)|/(T;/T)} 

k = kth volume in series system 

K = mass-flow coefficient 

L = lagfactor, | Ap[B/(dp/dt)| (T;/T)} 

n = total number of individual volumes or chambers in 
series system 

p = applied or input pressure as a function of time 

p; = internal pressure as a function of time 

Ap = difference between the applied and internal pressure 

P, = applied pressure at the start of a step input 

P, = applied pressure at end of step input 

R = universal gas constant, 1,715.87 ft.lb. per slug per °F. 

t = time, sec. 

i‘* = total time required for a step input to decay, sec. 

T = absolute temperature of the air upstream from the 


minimum restriction of the system, °R. 
T; = system internal air temperature, °R. 
a instrument wall temperature, °R. 
= calculated boundary-layer temperature, °R. 
chamber volume, cu.in. 


7s 
ll 


= mass of air in the chamber, slugs 


INTRODUCTION 


Shes RAPID INCREASE in velocities of test vehicles, 
airplanes, and missiles during the last few years 
has brought about the necessity of being able to pre- 
dict the response, or more commonly the lag, experi- 
enced by the pressure measuring instrumentation in 
these vehicles during diving, climbing, or accelerating 
maneuvers at high speeds. The pressure lag in some 
instances causes a large percentage of error in the 
measured pressure; consequently, the response of the 
instrumentation cannot be ignored as being within the 
accuracy of the instrumentation. 

For several years a linear treatment of the problem 
has been discussed in a number of papers.” * This 
method makes use of a linear differential equation 
which describes the response of a resistance-capacity 
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electrical system. By intuitive reasoning, this equation 
is transformed into a pressure equation where the elec- 
trical resistance is a function of viscosity, diameter of 
plumbing, and length of plumbing leading to the cham- 
ber representing the measuring instrument, and the elec- 
trical capacity is represented as a function of the in- 
ternal pressure and the volume of the instrument. 
The solution to this equation makes it possible to de- 
termine a time constant from an experimental test of 
the system where a step input in pressure is applied. 
This time constant is usually multiplied by the applied 
rate of change of pressure to arrive at the lag in pres- 
sure. A number of experimental step pressure input 
tests were made at Sandia Laboratory on various sys- 
tems of interest with the idea of using the linear 
analysis and possibly extending it to accommodate 
more complicated series- and parallel-connected instru- 
ments. However, it immediately became apparent 
that the time constant determined in this manner was 
dependent on the size of the pressure step that was 
applied. 

This inconsistency was recognized by some authors,’ 
and it was suggested that the time constant be deter- 
mined for a number of step sizes so that the data could 
be extrapolated to a zero step size, since the inconsist- 
ency was thought to be the result of varying the Reyn- 
olds Number of the flow for different step sizes. To 
the author, however, the obvious conclusion was that, 
regardless of the cause, the linear equation could not be 
used if the time constant was not in actuality a con- 
stant. This led to the development of the quasi- 
empirical theory shown below. By using this theory, 
which is nonlinear, it was possible to show that the 
linear time constant actually approaches zero as the 
step size approaches zero; consequently, it is believed 
that the application of a linear differential equation to 
the problem of pressure lag in pressure measuring sys- 
tems can lead to extremely large errors. 


ANALYSIS OF THE BASIC SYSTEM 


The development of this nonlinear theory is based on 
an empirical equation which describes the mass flow 


| | 
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through a sharp-edged orifice in terms of the pressure 
ratio across the orifice. This empirical relation was 
developed by Perry.’ Early attempts to use other 
mass-flow equations were unsuccessful because they 
were unable to predict the flow through the rough in- 
terior of normal pneumatic plumbing. 
derived by Perry is 


The equation 


dm/dt = (0.465 A/g VT) VP? — P: (1) 


where P, and P,2 are, respectively, the steady-state 
upstream and downstream pressures across the orifice 
and 7’ is the upstream temperature. The pressures in 
Eq. (1) can be time-dependent, if it is assumed that the 
delay in response of the mass flow to changes in pres- 
sure differential are insignificant. This, of course, 
means that it is assumed that the effect of the inertia of 
the air and the effect of the speed of pressure propaga- 
tion in the plumbing are accountable.! This is believed 
to be a reasonable assumption as long as the plumbing 
lines are not extremely long. 
symbolism, Eq. (1) becomes 


Then, with a change in 


dm/dt = (KA Vv — pe (2) 


where A is a constant for a particular type of plumbing 
and a given Reynolds Number. The A is essentially 
a constant over a fairly wide range of Reynolds Num- 
ber. Fig. 1 shows a schematic of the basic system under 
consideration, which consists of an orifice opening into 
achamber. The orifice represents the minimum restric- 
tion area present in the entire plumbing system, and the 
chamber represents a pressure measuring instrument 
such as that found in an autopilot or altimeter. It 
should be noted that any effect of the length of plumb- 
ing lines is considered to be absorbed into the constant 
K as far as Reynolds Number is concerned, and any 
additional volume contributed by the lines can be 
added to the chamber volume. If the plumbing lines 
are extremely long, the system should be treated as a 
series system where the volume associated with the 
plumbing is treated as a separate chamber. Now, the 
equation of state of the air inside the chamber is 


pi = mRT,/V (3) 


Remembering that ; is a function of time, the de- 
rivative of Eq. (3) is 


dp;/dt = (RT,/V) (dm/dt) + m(R/V) (dT;/dt) (4) 


Fortunately, the last term of Eq. (4) is normally in- 
significant with respect to the first term. This has 
recently been shown by flight data where 7; changed 
approximately 12°F. in a time interval of 4 min., while 
the incoming air temperature changed some 340°F. 
This can be explained by the fact that pressure meas- 
uring instruments with enough internal volume to cause 
a significant lag in pressure response have such a large 
internal surface area and such a large mass with respect 
to the internal air mass that the instrument acts as an 
efficient heat sink or source. The result is that the in- 
ternal air temperature follows the instrument wall 
temperature very closely. Since the instrument tem- 


perature is relatively constant in most installations, it 
follows that the time derivative of T; is approximately 


zero. Then 
dp;/dt = (RT;,/V) (dm/dt) (5 
Thus, Eqs. (2) and (5) can be combined to yield 
dp,/dt = B(T,/T) V |p? — pe (6) 
where 
B = (KR/g) (A/V)VT (7 


and 7’ is the appropriate upstream temperature. The 
system constant B is essentially a constant for a given 
Reynolds Number regime and upstream temperature. 
Eq. (6) is the basic differential equation relating the 
response of the internal pressure p; to the applied pres- 
sure p and can be solved for any time-dependent pres- 
sure input by computing machines, such as the REAC. 


It can also be solved for a step pressure input, which is | 


useful in determining the system constant B. Finally, 
it can be solved explicitly for an input pressure that 
varies linearly with time, which is similar to the input 
applied to an instrument installed in an airplane or 
missile that is either diving or climbing. The solution 
to Eq. (6) for a step pressure input that goes from P» to 
P, att = 0 where Py < P, and T,; = T, is 


pi = p, sin [Bt + sin-! (Po/P,)], Po < P, (8) 


and Eq. (8) can be written in terms of a unit dimen- 
sionless step, as 


Py < P, (9) 


Note that step pressure input may be in the form of 
either an increasing or a decreasing step; however, 
the increasing pressure step was used on all experi- 
mental tests of this paper. 

The companion equations for Po > P, are 


_ (Pot Pe) 


9 


i —Bt 


| 


(P.+ Pt)» 
P? 


+ Py? — P,) 


Now, Eqs. (8) and (10) provide a convenient method 
for determining the system constant B, since they can 
be solved for B when ?¢* is the total time to decay 


(t = t*). These equations are 
B = (1/t*) [(#/2) — sin-! (Po/P;)], Po < Ps (12) 
= (1 t*) In [ (Po + — P,|, Po > 


(13) 
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The two sets of Eqs. (9) and (11), and (12) and (13) 
are the two methods of determining B from experimental 
data. In applying Eqs. (8) and (11), the method is 
essentially a trial-and-error curve fitting process. 
Eqs. (12) and (13) are used simply by determining 
from the experimental data the time required for the 
response to a step input to decay. The B’s determined 
from these two methods differ by about 12 per cent in 
the case of a step pressure input of 25 mm. Hg. This 
is demonstrated in Fig. 2, where the experimental re- 
sponse to a step pressure input is represented by the 
symbols; the solid line represents Eq. (9) for a B of 
0.70, and the dotted line represents Eq. (9) for a B of 
0.62 determined from Eq. (12). It can be seen that 
the theory for B = 0.70 agrees well with the experi- 
mental response to the step but begins to diverge toward 
the end, while the theory for B = 0.62, determined from 
Eq. (12), disagrees by about 12 per cent over the first 
part of the step response but agrees with the end. It 
is believed that this is caused partially by the Reynolds 
Number of the flow through the plumbing varying 
from about 100,000, at the start, to zero at the end 
of the response to the step. This could cause the mass- 
flow coefficient K to change from one value at the start 
of the step to a smaller value as the Reynolds Number 
decreased toward the end of the step. Of course, this 
would be consistent with the change in the B during 
the step response. In general, the Reynolds Number of 
the flow through the plumbing during flight is on the 
order of a few thousand; consequently, the B determined 
by Eq. (12), where B is dependent on the total time for 
the response to a step input to decay, yields better re- 
sults for flight applications. 
dotted line in Fig. 2. 


This is indicated by the 


In order to show the dependence of the system con- 
stant B on the ratio of minimum restriction area to the 
volume of the chamber, a number of experimental 
tests were run on various basic systems, as shown in 
Fig. 1, with different D?/V ratios. The volumes of the 
test systems varied from 23.5 to 92 cu.in., and the 
restrictions were AN fittings with diameters ranging 
from 0.125 to 0.172 in. of both straight and elbow 
types. The connecting plumbing was all AN stand- 
ard pneumatic plumbing. The B’s were then deter- 
mined from Eq. (12) and plotted versus D?/V in Fig. 
3. The test results are plotted in Fig. 3, and it can be 
seen that B is linearly dependent on the D?/V ratio of 
the system. If no experimental data can be obtained, 
the B can be calculated by 


B = 7500 (D?/V) (for AN straight fittings) (14) 
B = 4750(D?/V) (for AN elbow fittings) (15) 


where D is in inches and V in cubic inches. 

Caution should be exercised in the application of 
Eqs. (14) and (15) since they are applicable only in the 
case of systems with short lines of considerably larger 
internal diameters than the diameter of the fittings. 
The experimental method of determining B must be 
used if the system is not of this nature. 


A solution to Eq. (6) can be obtained where p, the 
input pressure, varies linearly with time. This solu- 
tion makes it possible to apply the theory to flight 
problems, since the rate of change of pressure during a 
dive or climb can be approximated as a straight line. 
Since 


p = (dp/dt)t + P. 
where 
p= P, att = 0 
The lag in pressure is 
Ap = p — pi = (dp/dt)t — pi + P. (16) 
Substituting Eq. (16) in (6) yields 


(dp/dt) — (dAp/dt) = (T,/T)B V2pap — (Ap)? (17) 


An approximate solution to Eq. (17) that is accurate 
enough for most cases can be obtained by assuming 
dAp/dt small compared to dp/dt and (Ap)? small 
compared to 2pAp. The resulting equation is 


Ap = (T/T,)* (dp/dt)? (1/2B*p) (18) 


The exact solution can be obtained by substituting the 
lag factor, 


L = Ap[B/(dp/dt)] (T;/T) (19) 
and the altitude factor, 
H = p(B/(dp/dt) \(T;/T) (20) 
in Eq. (17) which produces the normalized equation, 
dL/dH = 1 — VL(QH — L) (21) 


Eq. (21) can be solved by an iterative process. This 
solution has been performed and plotted on Fig. 4. 
Consequently, if B, dp/dt, p, and 7;/T are known, L 
can be found from Fig. 4 and Ap easily calculated. 
Writing Eq. (18) in terms of ZL and H/ yields 


L = 1/2H (22) 


which can be used for [7 > 5. 

In order to check the validity of the theory, a test 
was performed on a system, the step response of which 
was shown in Fig. 2, in which the input pressure varied 
at an approximately constant rate. The lag in pressure 
in the system was measured with a small Statham pres- 
sure transducer. The variation of input pressure, rate 
of change of input pressure, and measured and theo- 
retical pressure lag as a function of time are shown in 
Fig. 5. It is felt that the agreement between the theo- 
retical and experimental Ap is adequate, particularly 
when the difficulty of measuring such a small transient 
pressure is considered. It can be seen on Fig. 5 that 
the theory does not predict the response during the 
first 4 sec. as accurately as it does during the last 
13 sec. This probably is due to the high Reynolds 
Number (about 25,000) existing at the start of the test. 

For the convenience of the reader, Eq. (18) is re- 
written below in terms of the temperatures that exist 
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in flight and for the conditions of ascent and descent 
through the atmosphere. 
Ascent: 


Ap = (dp/dt)? (1/2By"p) (23) 
Descent: 
Ap == Tut (dp dt)? (1 2By"p) (24) 


where By is the system constant determined in the 
laboratory at a free air temperature of 7), and 7',; and 
],, are the calculated boundary-layer temperatures at 
the inlet to the plumbing system and the instrument 
wall temperature, respectively, in flight. 

The solution for a linear input already discussed can 
be used to calculate the response to any input as long 
as d°p ‘dt? is small. If the input is such that d?p ‘df? is 
large, then the solution to Eq. (6) for the particular in- 
put must be obtained by a computer such as the 
REAC. 


SERIES SYSTEMS 


Fortunately, the theory can be applied to complex 
systems where the chambers are connected in either 
a series or a parallel manner. A schematic diagram is 
shown in Fig. 6 with the symbolism used in the deri- 
vation. A system of three chambers is chosen for 
analysis since its solution leads toa mathematical pattern 
which allows a general solution to be written. Starting 
with the third chamber and using the same assumptions 
that were used in the analysis of the basic system, it 
can be seen that 


ps = (m3/V3)RT; (25) 
dp; (dt = (dm; V3) (26) 

From Eq. (2) 
dm;/dt = V|p2 — (27) 


Substituting Eq. (27) in (26) yields 
dps ‘dt B, V | po? (28) 
where 
B, = (K. A V3) (R VT, 2) (29) 
\ similar line of reasoning can be followed in deriving 
dp./dt = By V — — 
V — ps?| (30) 
(dp,/dt) = (T,/T) B, VA Pp? — pr} 
(V2/V1)B, V|p2 — (31) 
where 
By = (Kz A2/V2) (R VT;/g) (32) 
By = (Ki (R VT/g) (33) 


An approximate solution for an input with constant 
dp/dt can be obtained for Eqs. (28), (30), and (31) 
by using a treatment similar to that used in the 


derivation of Eq. (18). This solution is 


b— py = = 
Pr 1 dt 2p B, Bs B; 


| = 2-9 = 


— ps = = = x 


B, Bs By B; B; 


(36) 


Eqs. (34), (35), and (36) can be written into a general 
equation expressing the lag of the kth chamber with 
respect to the input to the complete system for a system 
of n chambers. That is, 


1\2 


where 


. Jj=lifk=n 


It can be seen that Eq. (37) will reduce to Eq. (18) 
for n = 1. This leads to the interesting conclusion 
that Fig. 4 is applicable to series systems as long as 
(1/B)? in Eq. (18) is replaced by the bracketed term in 
Eq. (37). It should be noted that B,, B, ... B, are 
the system constants determined for each individual 
inlet-volume combination in the system. The B’s 
should be determined from the experimental step re- 
sponse obtained from each chamber, with its associated 
plumbing, when it is completely disconnected from 
the system. Lack of space prevents the presentation of 
experimental data that exist on series systems, although 
these data corroborate the derivation shown above. 


PARALLEL SYSTEMS 


The parallel system does not yield to theoretical 
analysis until some basic observations are made regard- 
ing the nature of the operation of the system. Fig. 7 is 
a schematic diagram of the system where the A’s are in 
all cases the minimum restriction area of the plumbing 
lines. Following the mass-flow concept, it can be seen 
that if A < A, + Ao, then A becomes the controlling 
entrance and both chambers will respond in a similar 
manner and the B of the total system is a function of 
A/(V; + V2). In this case, the response of both 
chambers is identical, and the system B can be deter- 


(34) 
| 
B, + B, Orn B,2 
| 
| 
|| 
Vv, | | 
Pr | | 
Ti 
= 
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mined experimentally by the same methods as used for 
the basic system. The only other flow condition exists 
when A > A; + Az, and in this case the two chambers 
respond individually in the same manner as they would 
if completely separated. Then B, is a function of A,/ V4, 
and By, is a function of A2/V2. The B’s are determined 
experimentally by recording the response of each 
chamber to a step input. 


CONCLUSION 


The theory provides a rigorous method for the 
analysis of simple and complex pressure measuring sys- 
tems which has been substantiated in the laboratory 
and in flight. The effects of instrument temperature 
and boundary-layer temperature on tiie pressure lag 
are shown and have been partially substantiated in 
flight at high Mach Numbers. A particularly useful 
aspect of the theory which has been treated only lightly 
in the text is that the basic differential equation can be 
solved for any arbitrary pressure input by computing 
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machines, as long as the acoustical lag is not significant, 
While more experimental testing is needed to deter. 
mine accurately the variation of the system constant 
with Reynolds Number and different types of plumb. 
ing, this method of analysis is presented with the be. 
lief that it is highly useful in predicting the response, in 
flight, of highly damped pressure measuring systems. 
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A theoretical discussion of the im- 
portance of considering the heat- 
transfer problems of chemical and 
nuclear propellants. 


On the Heat Release Problem of 
High-Performance Rocket Propulsion 


7.” QUESTION OF the application of superperform- 
ance propellants for rocket propulsion arises again 
and again when attempting to overcome the difficulties 
encountered in the unfavorable mass ratio. To the 
present time, we have been entirely dependent on 
chemical propellants which are even theoretically un- 
suited for changing the propulsion performance. Some 
papers, for example, treat of the “pure nuclear rocket”’ ; 
others treat of the rocket with a working fluid heated 
by nuclear reaction; still others treat of the photon 
rocket. When considering these propulsion systems in 
detail, it is seen that the most important problem is the 
high-temperature characteristic associated with them, 
regardless of the technical feasibility. 

The extremely high temperatures expected to be 
found are governed by the law of heat release. The 
total heat which is to be released in producing a certain 
thrust increases as propellants with a higher heat con- 
tent are used. This significantly pertinent law, a deter- 
minant in future developments, may be presented as 
follows. 


The law of heat release can be derived from the well- 
known relation 
w = (F/c)g (1) 


where 


w = propellant weight flow rate 


F = thrust 
c = effective exhaust velocity 
g = gravitational acceleration 


Substituting now the general expression for the ex- 
haust velocity 


c= V2Hgn1J (2) 
where 
H = heat content 
nm = internal efficiency 
J = mechanical equivalent of heat 
then Eq. (1) may be written 
w = 0.144 (F/WHn,) Ib /sec. (3) 


* Rocket Development Engineer. 
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The rate of total heat release Q, released within the 
combustion chamber in producing the thrust F (or a 
unit thrust—for example, F = 1,000 lbs.), is found by 
multiplication of Eq. (3) by the heat content.!. Thus 

Q = 0.144 FVH/n, B.tu./sec. (4) 


This heat release per unit time represents the energy 
or power P and can be written in the form? 


P = Fc/2n 
P= 21.8(1sp/n1) 


ft.lb./sec. (5) 


or® 


kw./1,000 lbs. thrust (6) 
where /,, means the specific impulse. 


From these equations it is seen that the heat released 
per unit thrust increases as n; decreases. This result is 
obvious. Also, if the thrust F and internal efficiency 
n; remain constant and a propellant with a higher heat 
content H is used, the heat release increases and is 
proportional to H’’* and c. 


The plot of Eq. (4) is represented in Fig. 1. The heat 
release per unit time for a 1,000-lb. thrust motor is 
considered. Using logarithmic coordinates, a straight 
line is obtained. Different propellants are plotted as 
vertical lines. Eq. (3) is also drawn in. Its plot shows 
in which manner the flow rate decreases when pro- 
pellants with higher performance are used. 


Assuming the same internal efficiency n; for two dif- 


ferent propellants, heat will be released according to 
the ratioft 


r= (7) 


(8) 
(The subscript I means a propellant with a smaller 
heat content, and II correspondingly means the higher.) 

Considering the hypothetical application of U-235 
(1 lb. = 3 X 10" B.t.u.) in a “pure nuclear rocket,”’ 
it is seen that the heat released is more than 2,000 


or r= 


+ The expression corresponding to Eq. (7) was mentioned 
in 1946 by J. Himpan in an unpublished paper, Remarques sur la 
théorie et la pratique de l’autopropulsion; see also reference 1, 
page 259. 

The expression according to Eq. (8) has been mentioned by 
H. S. Seifert, M. W. Mills, and M. Summerfield?; see especially 
Eq. (122). 
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Fic. 1. Heat release Q and propellant consumption 


v, related to 1,000 Ibs. thrust, versus propellant heat content // for different 


propellants 


times that of chemical propellants for the same thrust. 

Another interesting comparison is noted when hydro- 
gen, heated by nuclear energy, is considered as a work- 
ing fluid. As an example, assume an effective exhaust 
velocity c of 30,000 ft./sec. as feasible and an internal 
efficiency 7; equal to that of a rocket engine using 
chemical propellants for which c may be 8,000 ft. /sec. 
According to Eq. (8), the heat release ratio is r = 3.75. 
This means there is 3.75 times the heat released as 
compared to common chemical propellants. In fact, 
more favorable conditions (lower temperatures) result 
because of the ionization and dissociation of the hy- 
drogen at high temperature. Nevertheless, severe 
heat-transfer problems are obvious. 

The relations as exhibited in Eqs. (4) to (6) have been 
derived by means of classic mechanics. That means 
these equations are applicable when a relativistic con- 
sideration is not required. J. Ackeret* investigated 
the influence of the relativistic mechanics on the rocket 
propulsion system. His statement shows that the clas- 
sic mechanics are sufficiently exact for velocities up to 
10° ft./sec. This is proved for the velocity of fission 
particles when nuclear reactions are used. With U-235 
as an example, the maximum velocity of the particles 
is only 4 X 10 ft./sec., thus not attaining the magni- 
tude of relativistic velocities. 


The law of heat release has a general significance 
so far and shows the limits of the application of high- 
performance propellants without any consideration of 
the propulsion system used. When higher perform. 
ance propellants are applied, a decreasing propellant 
flow rate and an increasing energy release are always 


effected. This can lead to heat quantities which can- } 


not be controlled by means of present methods. We 
must call to mind that heat-transfer problems of com- 
mon chemical propellant combustions already attain 
the limit of technical possibilities. 

Regardless of all other technical problems involved, 
it is necessary to find new methods of handling these 
heat quantities before the application of high-perform- 
ance systems can be considered which could theo- 
retically improve the rocket propulsion. 
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INTRODUCTION 


[ MAY SAFELY BE SAID that no helicopter has yet 
been built which did not have a vibration problem. 
Some were more serious than others, but all helicopters 
have shaken to a greater or lesser extent. 

The problem, basically, is one of matching the 
dynamic components with the structure of the heli- 
copter so as to avoid excessive response to any of the 
cyclic forces in the system. As in all vibration prob- 
lems, a knowledge of the frequency and magnitude of 
the exciting forces and a knowledge of the response 
of the structure to excitations at various frequencies 
are important tools in obtaining a satisfactory solution. 


EXCITING FORCES 


Cyclic forces exciting vibration may come from the 
engine(s), transmission and rotors. 

Excitations from a reciprocating engine occur at 
various harmonics of engine speed, depending on the 
type of engine, with the lowest frequency normally 
at 1/2 times engine speed. These excitations are well 
known, and many excellent reference works have been 
written on the subject. Therefore, they will not 
be further discussed in this paper. Turbine experience 
in helicopters is still extremely limited, but the gen- 
erally smoother running of the turbine and the high 
r.p.m. might be expected to minimize the engine excita- 
tion problem. 


TRANSMISSION 


The rotating part of the transmission usually consists 
of machined pieces lending themselves readily to ac- 
curate control of both static and dynamic balance. 
They are thus usually not major contributors to vibra- 
tion excitation. However, universal joints, especially if 
not of the constant-velocity type, can be a source of 
appreciable forces. Gear tooth loads also produce 
high-frequency forces; in most cases these do not seem 
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Helicopter Flight Vibration Problems 


An analysis of the frequency and magnitude of the exciting forces 


to which the helicopter is subjected and an outline of the means of 
minimizing tls response. 


to create a serious problem, but they could be important 
in some applications. 


ROTORS 


The major source of vibration excitation in a heli- 
copter is, however, the rotors. The air loads on each 
blade can be expressed as a Fourier series, with com- 
ponents at each integral harmonic of rotor speed. 
Theoretically, in a free air stream and neglecting stall, 
the magnitude of each harmonic decreases with in- 
creasing order—i.e., the first harmonic is the largest 
with less 2/rev., still less 3/rev., etc. However, other 
effects come in to upset this progression. Blade 
stall may occur in different areas of the blade in dif- 
ferent azimuth positions. Interference effects between 
blade and fuselage or between one rotor and another 
may introduce large components at some of the higher 
harmonics—especially at blade passage frequency. 
Moreover, other high harmonics may be amplified by 
blade response, as discussed later in this paper. Thus, 
it can generally be stated that all harmonics are 
present in the air loads on a blade, at least up to the 
5th or 6th and frequently higher. 

If all blades of a rotor were truly identical, then all 
forces at other than multiples of blade frequency would 
balance out at the hub, but forces at multiples of blade 
frequency will add and be transmitted to the structure. 
Thus, a two-bladed rotor would excite 2, 4, 6, etc., 
per rev.; a three-blade 3, 6, 9 per rev.; and so on. 
However, if the blades are not truly identical, because 
of manufacturing tolerances, then some forces at other 
harmonics will also be transmitted to the structure. 
The magnitude of these forces will depend on the degree 
of unbalance, and their seriousness will depend also 
on ship response at these frequencies. With a tail 
rotor helicopter, the harmonics of both main and tail 
rotor must be considered. 

In view of the fact that rotor excitations have been 
the cause of most of the more serious helicopter vibra- 
tion problems, it is rather surprising to find a complete 
lack of measured data on the magnitude and direction 
of these exciting forces. There seems to be a general 


10 
| 
| 
|| 
= 
| 
| 
| 
73 


74 AERONAUTICAL ENGINEERING REVIEW 


opinion that the alternating in-plane forces are greater 
than the vertical. However, no numerical values for 
either have been established. 
ments been made of alternating rolling or pitching 


Nor have any measure- 


moments. Faced with this lack of data, Piasecki—with 
the support of the Air Material Command and the 
Wright Air Development Center—has started a flight- 
test program to measure directly the alternating forces 
and moments transmitted from both rotors of a 
tandem helicopter and to correlate these with the result- 
ing ship motion. 

Taking all these types of excitations into account, 
therefore, we arrive at a frequency spectrum as shown 
in Fig. 1. 

It may be noted that only main rotor and engine 
frequencies are shown on this figure. For tail rotor 
types, the corresponding harmonics of tail rotor speed 
should be included as well. As tail rotor speed would 
normally be around 4 to 5 times main rotor speed, this 
would give additional bands centered around +! », 
9, and 13'/. times main rotor speed. This therefore 
would take up most of the remaining part of the spec- 
trum, leaving only extremely narrow bands of frequency 
not occupied by some potential exciting force. 


RESPONSE 


The response of any elastic system to a cyclic force 
depends on the amplitude and frequency of the excita- 
tion. All elastic systems have one or more natural 
frequencies at which their response is a maximum. 
The response curve for a typical single degree of freedom 
system is shown in Fig. 2. 

For a more complex system, with several natural 
frequencies, the response curve is composed of the sum 
of a series of these curves, each showing a peak at one 
natural frequency of the system. 

From Fig. 2 it is thus clear that, if a natural frequency 
of the structure is at or near one of the frequencies of 
excitation, a large response can be expected. 

On a complex structure such as a helicopter, there 
are, of course, a large number of natural frequencies, 
each frequency corresponding to one shape, or mode, 
of deflection of the structure. Typical mode forms 
for the first three modes of vertical bending for a tandem 
rotor helicopter are shown in Fig. 3. Similar figures 
can be drawn for side bending and torsion. The corre- 
sponding frequency spectrum is shown in Fig.4. Other 
configurations of helicopters will of course have other 
mode shapes: a tail rotor configuration must consider 
bending and torsion of the tail cone, a side-by-side 
arrangement must consider both symmetric and asym- 
metric bending and torsion of the booms. 


MATCHING EXCITATION AND RESPONSE 


The basic design problem, therefore, in controlling 
helicopter vibrations is to take the excitation spectrum 
of Fig. 1 and the response spectrum of Fig. 4 and match 
them so that none of the points of maximum response 
match those of maximum excitation. The difficulty 
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of this is shown in Fig. 5 where the two charts are 
superimposed. The gaps in the excitation spectrum are 
so small that it is often extremely difficult to design a 
structure a// of whose natural frequencies fall outside 
of the excitation ranges. However, if a good analysis 
is made in the early design stage, much can be done 
by selection of fuselage cross section and length, num- 
ber of blades, speed of auxiliary rotors, etc., to avoid 
some of the worst pitfalls. 

It must also be remembered that it is not only the 
basic fuselage frequencies that must be considered here 
but also the possible local resonances of such items 
as tail units, engines, tail booms, stub wings, etc. 


REDUCTION OF EXCITATION 


Where it has not been possible to match frequencies 
so as to avoid resonance, or where exciting forces are 
so high that vibrations are objectionable even without 
resonance, it becomes necessary to seek other means 
of obtaining improvement. 

As in all vibration problems, this may be done by 
reducing excitation or response. 

In order to reduce rotor excitations, the first and most 
obvious item to consider is improved quality control 
of blades so as to hold the blades to closer tolerances 
of similarity. This by itself can be a large item in 
affecting helicopter vibration, as is shown in Figs. 
Gand 7. Fig. 6 shows vibration levels of a number of 
helicopters with blades made to normal tolerances, 
tracked by conventional methods. These levels were 
considered undesirably high. 

Manufacturing tolerances were therefore tightened 
on contour, especially near the trailing edge, and on 
twist. In addition, an improved tracking procedure 
was instituted, calling for all blades to be checked for 
track throughout the operating collective pitch range. 
Adjustments were made as required by use of tabs and 
chordwise balance adjustment. Corresponding ship 
vibration records for helicopters equipped with these 
improved quality blades is shown in Fig. 7, on which 
the average line for ships with the older blades has 
been added for comparison. It can be seen that, by 
this increased effort in blade quality control, ship vi- 
bration level has been reduced by about 50 per cent for 
the 1 and 2 per rev. components and by 30 to 50 per 
cent for the 3 per rev. 

However, it is clear that blade quality alone is not 
the whole answer to the problem of producing a really 
smooth helicopter. Piasecki has recently made and 
tested several other devices, also aimed at reducing 
exciting forces. One of these was a pendulum absorber 
operating in the plane of rotation (shown in Figs. 8 
and 9). It consists of a free pendulum tuned to twice 
rotor speed and arranged near the vertical pin of each 
blade. Its principle is the same as that of the dynamic 
absorbers used in engines in that it uses centrifugal force 
as a spring and thereby remains in tune at all speeds. 
Being in resonance with twice rotor speed forces, it will 
tend to produce equal and opposite forces to those 
exciting it and thus counterbalance these forces on the 
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Fic. 9. Tuned absorber. 


hub. Flight tests of this device have shown some 
pronuse, and the tests are being continued with emphasis 
on the accurate tuning of the dampers. 

It seemed possible that ship vibrations were being 
aggravated by vibration of the control system, so tests 
were also run with dampers in the control system. 
An installation of hydraulic dampers at the swashplate 
is shown in Fig. 10. These dampers did give a sub 
stantial reduction in control vibration when flying boost 
off. Flight tests on ship vibration level have so far 
been rather inconclusive, and tests are being continued. 
Similar tests using inertia instead of hydraulic dampers 
seemed to give similar results. 


REDUCTION OF RESPONSE 


The first attempt to reduce response of any vibrating 
system will normally be by shifting natural frequencies 
to eliminate resonance. In the case of resonances of 
pieces of equipment or even of whole components such 
us tail units, engines, etc., this can often be achieved 
by adding local stiffening or local flexibility. Where 
flexibility is to be increased, this can sometimes be 
achieved together with a weight reduction simply by 
reducing thicknesses of mounting structure or by other 
similar means. More often, however, it will mean the 
deliberate introduction of a flexible element such as 
arubber mount—nto the structure at some convenient 
points. 

Where such a flexible mount is used, it can be applied 
in either of two ways. It may be used simply to achieve 
a rather minor frequency change, just to eliminate a 
resonance; or it may be used as an isolator, so that the 
forces transmitted through the flexible mount are 
substantially less than those applied to the mass on 
one side of it. This effect is shown in Fig. 11 which 
shows the change with frequency of “transmissibility.” 
If an alternating force is applied at one point of an elastic 
system, say Point A on Fig. 11, the ratio of the alternat- 
ing force at Point B to that applied at A is called the 
transmissibility from A to B. It can be seen that this 
is essentially the same curve as that shown in Fig. 2 


for response. 
The mounting of a reciprocating engine in a helicopter 
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is a good example of a flexible mounting used for both 
isolation and frequency changing. Such a mount serves 
a dual purpose. It acts as an isolator in preventing the 
high-frequency forces produced by the engine from 
being transmitted to the fuselage. It must also, how- 
ever, prevent excessive reponse of the engine to forces 
transmitted by the fuselage at rotor frequencies. 

It can be seen from Fig. 11 that, for an engine 
turning at, say, 2,400 r.p.m., any mount giving the 
engine a natural frequency of less than 1,680 cycles 
per min. will reduce forces at engine speed or higher 
transmitted to the fuselage. However, unless the 
natural frequency of the engine on the mount is well 
below rotor speed, which may be about 250, then 
forces at one, two, or three times rotor speed transmitted 
from the fuselage to the engine will be amplified rather 
than reduced. It is not usually practical to make the 
mount so soft that its natural frequency is below rotor 
speed, so a compromise has to be chosen which still 
isolates the fuselage from engine excitations but keeps 
the engine far enough from rotor frequencies that its 
response to these will not be excessive. Even this can 
be a difficult problem as the engine will have six natural 
frequencies—in three linear and three rotational direc- 
tions -all of which must be arranged to avoid direct 
resonance with any of the major rotor excitation fre- 
quencies. 

Passing from consideration of components to the struc- 
ture as a whole, the problem of changing natural fre- 
quencies once the structure has been built is likely to pre- 
sent considerable difficulty. Increases in bending fre- 
quency can be achieved by direct stiffening of the struc- 
ture, but such increases are likely to carry a fairly sub- 
stantial weight penalty. Moreover, such stiffness changes 
may have little effect on the frequencies of the higher 
modes of vibration. It can often happen that an in- 
crease in stiffness, whether local or general, will make 
a change in the mode shape of these higher modes with- 
out appreciably changing their frequency. A change 
in the opposite direction, decreasing stiffness, is usually 
even more difficult to achieve. If the stiffness of the 
structure itself is reduced, this is likely to be accompanied 
by a reduction in strength which may not be acceptable. 
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Fie. 10. Swashplate dampers. 
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If a local area of flexibility is introduced, it is likely to 
present problems in carrying controls or drive shafts 
through the flexible area. This emphasizes the need 
for considering these problems in the early stages of a 
design, so that provision can be made for any points 
of flexibility or isolation which may be required. 


FLEXIBLE ROTOR MOUNTS 


If it is decided that provision should be made for 
flexibility in the main helicopter structure, the most 
logical place to choose in most configurations would be 
between the rotor or rotors and the main structure. 
Any gear box immediately adjacent to the rotor would 
logically be included, and the engine or engines could 
logically be included as well, if mounted conveniently 
close to the rotor and transmission. 

It then has to be decided whether flexibility is re- 
quired in all directions, or vertically only, or in-plane 
only. The next question is whether to use the flexi- 
bility only as a means of controlling frequencies to 
avoid resonance or to provide a true isolation system. 

Any installation of this type will present its own 
problems, but a review of some of the more general 
and important ones may be worthwhile. In the first 
place, the introduction of a flexible mount—whether 
it be rubber, metal springs, or any other type—will 
almost invariably involve a substantial weight penalty. 
The problem of carrying a control system and possibly 
drive shafting across a joint where relative motion 
is known to exist has to be solved. The system must 
be so designed that not just one frequency in one direc- 
tion is correct but all frequencies in all directions 
are in an acceptable range. 

The substantial lift, drag, side, and torque loads in 
the rotor must be adequately reacted through the flexible 
system. 

It will usually be found that the complexity of these 
problems increases as the number of degrees of freedom 
permitted is increased. If true isolation is to be achieved, 
the extreme softness of the mounts required may 
make it difficult to transmit the necessary high steady 
loads, especially if isolation in all directions is intended. 
If in-plane isolation is used in conjunction with a rotor 
system incorporating lag hinges, precaution must be 
taken against the type of instability usually termed 
“ground resonance.’’ This can occur equally easily 
in the air if the rotor is suspended on a mounting giv- 
ing a natural frequency lower than rotor speed. 

It must also be remembered that even an “‘isolation” 
system provides only a reduction, and not a complete 
elimination, of the exciting forces. If the helicopter 
structure itself has a resonance at a frequency at which 
the rotors produce high exciting forces, objectionable 
vibrations may still result. Isolation must therefore 
be used in conjunction with, rather than as a complete 
alternate to, careful selection of natural frequencies. 

After enumerating this list of problems, it may appear 
that flexible mounting of rotors is a highly undesirable 
method of attempting to reduce helicopter vibrations. 
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Fic. ll. Relative transmissibility curve. 
The fact must be faced, however, that it is the only 
method which puts directly under the designer’s control 
the response of the helicopter to all the vibratory forces 
imposed upon it. In-plane isolation of rotor forces has 
been used with considerable success for many years in 
Bell Aircraft Corporation's helicopters. Here the rotor, 
gear box, and engine are mounted as a unit rigidly 
restrained vertically and against torque, but with ex- 
tremely low stiffness laterally and longitudinally. 

McDonnell Aircraft Corporation used vertical flexi- 
bility to change a natural frequency and eliminate a 
resonance with considerable success on the XHJD-1. 
Piasecki is currently testing a somewhat similar system 
incorporating vertical flexibility only. 


FLIGHT TESTING 


One of the difficulties of any flight vibration in- 
vestigation has been the large scatter of results. There 
seems to be considerable variation, not only from ship 
to ship but from one flight to another on the same ship. 
Even within one run, if a fairly long continuous trace 
is taken, a quite substantial variation in vibration 
level can often be seen. This is particularly noticeable 
when the general vibration level is fairly high. This is 
brought out by Fig. 6 where a scatterband of as much 
as 10 to 1 is shown between the smoothest flight on the 
smoothest ship and the roughest flight on the roughest 
ship. 

This scatter makes comparisons between aircraft 
or evaluation of changes much more difficult and time 
consuming. It seems essential, before drawing even 
comparative conclusions, to acquire a fair volume 
of data on each ship or configuration being tested. 
When such a volume of data has been acquired, how- 
ever, it usually becomes fairly clear that it does center 
around some mean value, and trends for improvement 
or deterioration can then be determined. An attempt 
was made to make a statistical analysis of some of the 
data obtained, but the standard deviations appeared to 
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be so large that the attempt was abandoned in favor of 
the cruder method of merely plotting all available points. 

Another point of difficulty encountered in analyzing 
flight-test data has been in attempting to correlate 
pilot’s opinion with measured data. In general, al- 
though there has been fair qualitative agreement 
between pilot opinion of whether a ship is rough or 
smooth and the vibration amplitudes measured, there 
have been enough cases of strong disagreement to 
cause some concern. In one case, the records showed 
very equal vibration levels between two sets of three 
flights each, while three separate pilots -without 
reference to each other or to the records —considered 
one set to be substantially smoother than another. On 
another occasion, one pilot considered a certain vi- 
bration level acceptable on one flight, and on a later 
flight he considered one-half of that level to be objection- 
able. There have been many other instances of similar 
discrepancies. 

It appears, therefore, that the usually accepted com- 
fort criteria for vibration are in some need of review. 
These criteria are usually specified either in terms of 
total permissible acceleration at all frequencies or 
in terms ‘of a permissible amplitude which varies with 
frequency. Some of the more frequently quoted 
criteria are compared, in terms of amplitude, in Fig. 12. 
It can be seen immediately that there is considerable 
question as to where the line of acceptability should be 


drawn. However, it also appears from the inconsistency 
of pilot opinion and measured flight results that the 
effect of the simultaneous application of more than one 
frequency on acceptability level should be given further 
study. An investigation of human reactions to com- 
plex wave forms might make a substantial contribution 
to knowledge of acceptable vibration levels. 


CONCLUSIONS 


In summary, therefore, it can be seen that the heli- 
copter is subjected to many vibratory forces, some of 
which may be cf considerable magnitude, and it 1s 
therefore important that vibration problems be given 
careful consideration throughout the development of 
any design. In order to keep the resultant ship vi- 
brations at an acceptable level, it is necessary to keep 
excitations at a minimum by careful quality control, 
with possibly the use of dampers or tuned absorbers 
as a further help in this direction. Response must be 
kept to a minimum by the careful selection of natural 
frequencies to avoid resonances and possibly by the 
use of flexible mounts or isolation systems to help in 
keeping down vibration amplitudes. ‘Testing must be 
done with care and comparisons made only after an 
A better knowl- 
edge of human response to complex wave-form vibra- 
tions would help to determine how far antivibration 
precaution need be carried. 


adequate volume of data is available. 
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DOCUMENTATION PROBLEMS 
Studied by AGARD Committee 


PROBLEMS of the continuously growing 
aeronautical literature were given further in- 
tensive study by the Documentation Committee of 
AGARD (Advisory Group for Aeronautical Research 
and Development, NATO) during the latter’s Fifth 
General Assembly, which took place in Ottawa on 


collection of information. Also considered for early 
publication was a specification for document size and 
format which was drawn up in draft by A. H. Holloway, 
TPA3/Technical Information Bureau, British Ministry 
of Supply, and by Robert A. Kennedy, Assistant Li- 
brarian (Admin.) Canadian National Research Council, 


° June 10-17. Ottawa. Established, too, was the framework of a 
Chairman of the Committee was Robert G. Thorne, revised AGARD publication program. Progress in 
Chief Information Officer, Royal Aircraft Establish- liaison with AGARD panels and other organizations 

iene ment, Farnborough, Hants, England. The Committee was also reported. 

G0 100 meets at 6-month intervals concurrently with one or While in Ottawa, Committee members made interest- 
more Panels of AGARD. In addition to the Committee ing visits to the Aeronautical Library and research 
members, there were observers from various NATO facilities, Montreal Road Laboratories, National Re- 
countries. search Council; and to the Defence Scientific Informa- 

isistency The agenda of the Committee included the following tion Services, Defence Research Board. 

that the topics: document size and format, availability of 
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report literature, translation coverage, abstracting 
services, scientific films, an interlingual dictionary, 
subject classification, information retrieval systems, 
and information theory. Progress Reports on these 
matters were presented to the Committee and were 
discussed in detail by both members and observers. 
Along with the Progress Reports, three AGARD pub- 
lications in draft form were put forward. One of 
these was the I/nterlingual Aeronautical Dictionary, 
now about halfway toward completion, which is to be 
issued in preliminary edition in the near future by the 
French Service de Documentation et de 1’ Information 


Following the meetings in Ottawa, the Committee 
moved to Detroit to meet in joint session with the 
Science-Technology Group of the Special Libraries 
Association, then in annual convention. Two sessions 
on “Current Technical Documentation in Europe 
and America’ were held in the Kresge-Hooker Scien- 
tific Library, Wayne University. 

In Washington, on June 20, the group toured the 
Technical Information Division, Library of Congress; 
the communication facilities; and the Army Library in 
the Pentagon. 

Langley Aeronautical Laboratory, NACA, Langley 
Field, Va., was host to the group on June 21 and arranged 


ship vi- Technique de 1’Aéronautique (SDIT), Paris. It is a demonstration of the procedures and equipment used 
y to keep being compiled under the editorial direction of M. G. H. to produce the NACA’s research reports. 
- control, Frenot, Chief of the SDIT’s Special Documents Section. The Fifth Meeting of the Documentation Committee 
absorbers Another draft publication was the Handbook of Sources concluded on June 22. This followed an inspection of 
- must be of Aeronautical Information, prepared by Cyril W. the Library and facilities of the Research Division, 
f natural Cleverdon, Librarian, The College of Aeronautics, United Aircraft Corporation, East Hartford, Conn., 
y by the Cranfield, England. Compilation of the JJandbook whose Librarian, Robert C. Sale, was one of the United 
o help in is based primarily on replies to questionnaires sent to States observers. 
- must be all known agencies or firms issuing aeronautical pub- United States members of the Documentation Com- 
- after all lications and films. It is hoped to publish this source mittee were Eugene B. Jackson, Chief, Division of 
er know! book within the year and give it wide distribution; ac- Research Information, NACA, who became Chairman 
rm vibra- 
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cordingly, measures have been taken to speed up the 


* Librarian, IAS. 


of the Committee for the coming year, and W. Kenneth 
Lowry, Director, Office of Technical Information, 
ARDC, USAF, Baltimore. 
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S. Paul Johnston, IAS Director, was present at the 
Documentation Committee meetings in Ottawa, as 
a United States observer, in addition to attending the 
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Panel meetings and the General Assembly. The IAS 
Librarian also participated in the various Committee 
sessions and tours as an observer. 


Flight Research Utilizing Variable Stability Aircraft 


(Continued from page 59) 


comes apparent that the cost of the development of the 
variable stability airplane is small compared to the 
value of the results obtained from its use. 

Variable stability aircraft provide a method both for 
the rational determination of handling qualities re- 
quirements and for the determination of the individual 
factors which must be considered when specifying 
handling qualities requirements. They permit an 
evaluation of the effects of new and unusual design 
features in advance of their incorporation in new air- 
craft. While it is appreciated that the details of a given 
design exert a major influence on the satisfactoriness of 
that particular system and that these details cannot 
necessarily be easily duplicated in a generalized re- 
search vehicle, this does not invalidate the evaluation of 
the basic characteristics of unusual design features. 

It is believed that the variable stability airplane is a 
basic flight research tool useful for obtaining both gen- 
eral and specific stability and control information 
needed for the design of new aircraft and that it is the 
only practical and economical method for obtaining 
these data. The uses which have been made of this 
class of aircraft up to the present time are probably 


small in comparison to the future need both for basic 
information and for keeping desired handling qualities 
information up to date in accordance with changing re- 
quirements. 
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Thermal Characteristics of Aircraft Structural Components... 


Continued from page 64) 


(1) Typical fuselage section without stringers 
(2) Typical fuselage section with stringers 
(3) Typical bulkhead section 

(a) Without insulation 

(b) With insulation 

(c) Insulation and retaining cloth 
(4) Typical floor section 

(a) Without insulation 

(b) With insulation 
(5) Typical windshield section 

(a) Single pane 

(b) Double pane (air space) 


(6) Miscellaneous structures 
(a) Wing structure 


(b) Turbojet engine inlet and/or bomb bay door 
structure 
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1 Adams, H. W., Temperature Problems of Equipment in High- 
Speed Aircraft, ASME Paper 54-A-131. 
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York, 1949. 
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experience 


plays a vital role 


Pressure actuated switches for every 
requirement from zero absolute to 
12,000 psi. Meletron switches are used 
by every major manufacturer of air- 


craft in the United States. 


in every success 


Ice shows have been one of the highly successful ventures in the 
entertainment world. The respective skills of acrobats, dancers, 
costume designers and illuminating engineers have been woven into 
spectacular routines by experienced directors. The measure of their 
success is determined by the number of customers at the box office. 


Experience plays a vital role in the manufacture of reliable pressure 
switches. Success in this field is also measured by the number of 
customers. We at Meletron are proud to number among our customers, 
every major manufacturer of aircraft in the United States. 


J. M. WALTHEW CO., Boeing Field, Seattle 8, Washington; ROUSSEAU CONTROLS 
Ltd., 2215 Beaconfield Avenue, Montreal 28, Canada; JOSEPH C. SORAGHAN & 
ASSOCIATES, 1612 Eve Street, N. E., Washington 6, D. C.: J. N. FAUVER CO., Inc.. 
3562 Montgomery Road, Cincinnati 12, Ohio; and Waterville, Ohio; GEORGE E. HARRIS 
& CO., Inc., 3241 E. Douglas Avenue, Wichita 8, Kansas. 
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IAS News 


(Continued from page 39) 


Frank E. Mamrol (M) has _ joined 
Piasecki Aircraft Corporation as Chief 
Design Engineer. He was formerly a 


Senior Group Engineer with Piasecki 


Helicopter Corporation. 

Michael K. Rastiello (TM), formerly 
with Fairchild Aircraft Division, Hagers- 
town, Md., is now located at WADC, 
Wright-Patterson AFB, Dayton, Ohio, as 
Aerodynamic Development Engineer. 


John H. Sidebottom (M), former Chair- 
man of the Washington Section of IAS, 
has been elected Vice-President of Flight 
Refueling, Inc., Baltimore. Before join- 
ing the company in 1953 as Engineering 
Manager, he had been with the Aircraft 
Industries Association for 10 years. 


Allen E. Smith (M) has been promoted 
to Chief Engineer of the Aviation De- 
partment of Socony Mobil Oil Company, 
Inc., New York. He was formerly Staff 
Engineer of the Automotive Division of 
the Lubricating Department. 


Herbert G. Somerson (M) Jhas resigned 
as Chief of Dynamics at Piasecki Helicop- 
ter Corporation to join Piasecki Aircraft 
Corporation as Chief Analytical Engineer 


Clifford W. Sponsel (M) has been named 
President of Western Design & Manu- 
facturing Corporation, Goleta, Calif. He 
was formerly Vice-President of A.C.F. 
Industries in charge of the Aircraft Divi 
sion, St. Charles, Mo. 


Roy C. Sylvander (AF) has retired as 
Director of Engineering of the Eclipse 
Pioneer Division of Bendix Aviation Cor 
poration. A Massachusetts Institute of 
Technology graduate, he joined the 
Pioneer Instrument Company in 1935. 


John C. Truman (M), formerly Assist 
ant Professor of Aeronautical Engineering 
at the USAF Institute of Technology, 
Wright-Patterson AFB, has joined the 
General Electric Company. He is in the 
Mechanical Engineering Unit of the Small 
Aircraft Engine Department at West 
Lynn, Mass. 


James T. Van Meter (M) has joined 
the Aeronautical Division of Minneapolis 
Honeywell Regulator Company as a Re 
search Engineer. He was formerly with 
the Aeronautical Engineering Depart 
ment of Massachusetts Institute of Tech 
nology. 


Lt. Comdr. Donald P. Walker, USN 
(M), who was graduated recently from 
Navy’s Test Pilot Training School at the 
Naval Air Test Center, Patuxent River, 
Md., has been assigned as a Project Pilot 
in the Carrier Suitability Branch, Flight 
Test Division, NATC. He was formerly 
based in Norfolk, Va.,as Operations Officer, 
Air Antisubmarine Sq. 26 (VS-26), At- 
lantic Fleet. 

Lt. Col. Edmund G. Wodrich, USAK 
(AF), has been given a new assignment in 
Hq., USAF, with the Assistant for Stand- 
ardization, Deputy Chief of Staff for De- 
velopment. He is the Air Force Adviser 
to the Staff Director, Standardization 
Division, OASD (S&L). Colonel Wodrich 
was formerly Chief of the Aircraft Branch, 
Aeronautical Standards Group, H4q,., 
USAF, Washington, D.C. 
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Theodore von Karman, HFIAS (right), Chairman of NATO's Advisory Group for Aero- 


nautical Research and Development, was honored at a reception in Los 


Angeles when Mr. 


and Mrs. Gabriel M. Giannini presented a sculpture of his head to the Western Region Head- 


quarters of the IAS. 
Museum there. 
of the Los Angeles Section. 


It will be cast in bronze and exhibited in the W. F. Durand Aeronautical 
The gift was accepted by Warren T. Dickinson (left), who was then Chairman 


CORPORATE MEMBER NEWS | 


@ Aeroquip Corporation has placed on the 
imarket prop-feathering hose lines which 
are fireproof in accordance with the new 


Civil Aeronautics Administration re 
quirements and approved for installation 
on commercial aircraft. 

e Air Associates, Inc... . A new nylon 
rayon seat belt, with a restyled buckle, 
has been placed on the market Five 
colors are offered. 


e Aluminum Company of America 
Facilities for the manufacture of alu 
minum foil will be expanded by construc 
tion of eight large foil rolling mills, with 
annealing furnaces, shears, and auxiliary 
equipment, at the plant in Davenport, 
Iowa, and three foil rolling mills at the 
plant in Alcoa, Tenn. Total cost will be 
$19,000,000 Alcoa will spend $2,000, 
G00 for additional smelting equipment at 
its Wenatchee, Wash., works, increasing 
capacity of this plant to about 100,000 
tons of primary aluminum annually 

@ Beech Aircraft Corporation is manufac 
turing a new remote-controlled target 
the XKDB-1, for the Navy. Beech 
won a design competition for the drone, 
which will fly out of sight when used for 
training purposes. Weighing less than 
600 Ibs., the all-metal plane has a wing 
span of 12'/, ft. and a six-cylinder super 
charged engine. It is launched by cata 
pult and can be recovered by para 
chute for re-use. . . . Wings for Lockheed’s 
T2\-1 jet trainer are in production at 
Beech’s Wichita and Liberal divisions 

e Bendix Aviation Corporation. . .More 
than 100 delegates from 20 


drone, 


countries 


attended a 3-day conference on aircraft 
ignition problems sponsored by the Scin- 
tilla Division in Sidney, N.Y. Thirty-five 
air lines were represented The Pioneer- 
Central Division has announced a new 
ultrasonic cleaning unit for use in the 
aviation industry 

e The BG Corporation has developed a 
new platinum-electrode spark plug which 
has been approved by CAA for Pratt & 
Whitney R4360, R2800, R2000, and 
R1830 engines The RB39R_ plug is 
claimed to be far superior to previous 
platinum-electrode models in offering long 
periods of trouble-free service 

@ Boeing Airplane Company has de- 
signed a safer canopy for the B-47 Strato- 
jet, using electric and ballistic power in 
addition to the usual hydraulic power 
Instead of sliding back to open, the new 
canopy is hinged at the rear and opens 
up at the front like a clamshell. It has 
six individual Plexiglas windows spanned 
by a longitudinal metal backbone. On the 
ground, the canopy is opened and closed 
by electric power; in flight, it can be jetti 
soned by an explosive method. The new 
canopy was tested 20 times on a rocket 
sled before 1t was ordered into production 
© The Cleveland Pneumatic Tool Com- 
pany has opened branch offices for sales 
engineering and service in the Dexter 
Horton Building, Seattle, and at 4205 
Beverly Drive, Beverly Hills, Calif 

e Elastic Stop Nut Corporation of Amer- 
ica. . .A new self-locking gang channel 
nut with an extra high nylon cap has beet 
designed to permit the use of a single 
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your manufacturing operations 
include potting, sealing, impregnating, 
laminating, bonding or tooling... 


Easy to use 


Miniature electronic components pot- 


can give improved mechanical 
and electrical properties .. . former Company, Brooklyn, New York. 
plus faster processing 


Because of their excellent mechanical and dielectric properties, 
Epon resins are important materials in electrical and electronic 
manufacture. Epon resins combine high strength with low 
shrinkage on curing and extreme dimensional stability. 


For potting, sealing and impregnating, Epon resins permit safe 
enclosure of delicate components, maintain high insulation 


Section of magnetic amplifier coils em- 


resistance under extremes of temperature and humidity, bedded in Epon resin by Westing- 
and are resistant to chemicals. house Electric Corporation, Pittsburgh, 
Pennsylvania. 


Epon resins laid up with inert fibrous fillers produce 
laminates that have excellent dielectric properties and can be 
sheared, punched, drilled and bath soldered. 


Solvent-free Epon resin adhesives, curing with contact pressure 
alone at room temperature, form powerful bonds between glass, 
metal, wood or plastic. 


Because of dimensional stability and impact resistance, Epon 
resins play the key part in making plastic tools such as forming 
dies, jigs, patterns, templates and fixtures. 


Write for “Epon Resins For Structural Uses.” Your letterhead Potting transformer with Epon resin at 


request will bring you a sample for evaluation. ea aa aaa 


(Epon resins are the epoxy polymers manufactured exclusively by Shell Chemical Corporation.) 


SHELL CHEMICAL CORPORATION 


CHEMICAL PARTNER OF INDUSTRY AND AGRICULTURE 
380 Madison Avenue, New York 17, New York 


Atlante + Boston + Chicago + Cleveland + Detroit + Houston + Los Angeles » Newark » New York * San Francisco « St. Louis 
IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited +« Montreal +* Toronto + Vancouver 
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length bolt on materials of varying thick- 
nesses. Accepting variations up to !/, in. 
in bolt protrusion, the new nut allows 
standardization of bolt lengths and nut 
styles for production economies. The 
nylon cap forms an extension of the Icck- 
ing collar that locks the nut to the bolt 
and, at the same time, seals the bolt off 
from liquid or gas seepage along the bolt 
threads at pressures up to 80 lbs. per sq.in. 
e Fairchild Camera and Instrument Cor- 
poration. . .To advance its development 
program in the field of electronic and 
sound-wave reconnaissance components 
and systems, the company has integrated 
the activities of its Potentiometer Divi- 
sion with those of its wholly owned sub 
sidiary, Fairchild Controls Corporation. 


e Fairchild Engine and Airplane Corpora- 
tion. . .Admiral Robert B. Carney, USN 
(Ret.), former Chief of Naval Operations, 
has been elected to the Board of Direc- 
tors. Stratos Division has leased an 
additional plant in Babylon, N.Y. 


e Federal Telecommunication Labora- 
tories. . .The first demonstration of Tacan 
for the press was presented September & 
by this division of International Telephone 
and Telegraph Corporation. Twenty-five 
newspapermen and aviation writers took 
off from Teterboro in FTL’s flying labora- 
tory (a DC-3) and observed operation 
of the system while flying over check 
points in the New York metropolitan 


A Boeing B-47 Stratojet, modified at re- 
quest of the USAF to serve as a test bed for 
the new Curtiss-Wright T49 engine, is under- 
going flight tests. Two T49 turboprops have 
been substituted for the four inboard jet en- 
gines, each turboprop replacing a double 
pod. The Curtiss-Wright turboelectric pro- 
pellers, 15 ft. in diameter, have four paddle- 
type blades 24 in. wide. 


area Instruments aboard the %plane 
showed its distance and bearing from*?an 
experimental microwave tower at the 


Federal plant in Nutley, N.J., a few miles 
away 

e@ The Garrett Corporation. . .AiResearch 
Manufacturing Division is constructing 
additions to its factory and office building 
at Sky Harbor Airport, Phoenix, Ariz 
he expansion, costing $400,000, will add 


37,000 sq.ft. to the plant, which employs 
2,200 persons 

@ General Electric Company. . .A new 
$5,000,000 laboratory for research in 
metals and ceramics was dedicated re 
cently G-E’s Research Laboratory at 
The Knolls, Schenectady, N.Y. The 


new building is part of a $13,000,000 ex 
pansion program there G-E’s Aircraft 
Accessory Turbine Department is manu 
facturing self-contained turbostarters for 
J65 jet engines for the Wright Aeronauti 
cal Division of Curtiss-Wright Corpora- 
tion [he cartridge-type starter receives 
its energy from a solid propellant which 
electrically when the pilot pushes 

Hot gases from the rapidly 
burning propellant turn a small turbine 
wheel at extremely high speed. This speed 
is reduced through gearing and the energy 
transmitted through a clutch to the 
engine G-E announces a new minia 
ture d.c. servomotor suited for aircraft 
applications on blowers, actuators, tun 


is ignited 
a button 


OVEMBER, 1995S 


Bell XV-3 convertiplane makes its first test 
flight at the Fort Worth plant. After a verti. 
cal take-off, the Army craft was maneuvered 
in every direction, like a helicopter, at a 
height of 20 ft. The three-bladed rotor-pro- 
pellers are designed to tilt forward after alti. 


tude is gained. The XV-3, with its stubby | 


fixed wings, is expected to have a much 
higher forward speed than a helicopter. 


ers, and electronic devices. It also is used 
as a prime mover in gun direction com 
puter systems... .A new 400-cycle, 12,000. 
r.p.m. alternator, designed 
treme environmental 


to meet ex 


requirements 


for | 


periods of short duration, has been an- | 
nounced for application to guided missiles | 


and aircraft. .A 20-page brochure de 
scribing gas-turbine progress in develop. 


ing lighter, more efficient small aircraft | 


engines is available from the Apparatus 
Sales Division, Schenectady 5, N.Y A 
bulletin has been issued on a microminia 
ture relay for electronic applications which 
demand minimum size 
aircraft. 


and weiglit, as in | 


e Harvey Aluminum Division of Harvey | 


Machine Co., Inc. . . .Harvey Aluminum 
is now fabricating titanium-alloy extru- 
sions on a production basis and shipping 
its entire output to air-frame manufac- 
turers. Sections are being extruded in 
lengths of 10 to 12 ft. from five different 


alloys. The company also is working 


on the development of new titanium al- 


loys for the extrusion process 
e@ Jack & Heintz, Inc. ...A new overvolt 
age protection relay has proved virtuall) 


environment-free, the company claims 


While designed primarily for the Jack & | 
Heintz a.c. control panels, the new relay 
can be supplied separately for incorpora- 
tion into any aircraft a.c 
or panel. 


electric system 
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He said, “The shortest distance between two 
points is a straight line.” 


Apply this axiom to your professional career 
and it means: to get there you’ve got to keep 
moving straight ahead. 

You can do just that at TEMCO. No blind 
alleys—no snafus! TEMCO is young, dynamic, 
growing fast. There’s plenty of rogm at the top 
for the talented, ambitious engineer. You don’t 
have to wait to see your ideas produced in 
hardware; you enjoy the satisfaction of real 
| achievement now. 


w overvolt 
2d virtually | 

ny claims. | 
the Jack & | 
2 new relay 
incorpora- 
‘tric system 


Measure your accomplishments against your 
ambition—if they don’t balance, maybe you belong 


at TEMCO. 
Write: Bud Horton, 
he Department 170, 
TEMCO Aircraft Corp., 
| 1 P.O. Box 6191, Dallas 2, Texas 


DALLAS, TEXAS 
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Introducing another NEW B&H Instrument... 


—— 


TAKCAL 


-COMPACT 
- LIGHTWEIGHT 
- RUGGED 


Ss 
PS 


The new B&H TACKAL incor- 
porates a refinement of the frequency 
meter principle. It operates in the low 
(0 to 1000 cps) range, reading the 
frequency of the tachometer gener- 
ator on a scale calibrated in percent 
RPM corresponding to the engine’s 
RPM. In addition the TAKCAL 
checks the tach system. The TAKCAL 
circuit and tachometer are parallel so 
that readings can be made simultane- 
ously to determine the accuracy (or 
inaccuracy) of the aircraft’s tach sys- 
tem. The TAKCAL operates during 
the engine run to properly set up 
engine controls for maximum econ- 
omy and safety. 

Originally developed as a compo- 
nent part of the J-Model JETCAL 
ANALYZER, the TAKCAL is now 


Reads Jet Engine Speed 
fo Guaranteed Accuracy of 
10 RPM in 10,000 BPM (= 0.1%) 


available as a separate unit for use 
with all earlier models of the 
JETCAL TESTER. 

The TAKCAL operates accurately 
in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an 
instrument of such extreme accuracy, 
it is adaptable to application in many 
other fields. 


Explosion-proof TAKCAL for special 
applications. Measures 200 to 7500 RPM, 
direct reading, with +0.1% accuracy. 


For full information write or wire... 


B & H INSTRUMENT Co., Inc. 


1009 Norwood 


FORT WORTH 7, TEXAS 
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e Lear, Incorporated. -The 


Aircraft 
Engineering Division has designed a fiber- 
glass-plastic radome for the Learstar exee- 


utive airplane. Neatly faired into the 
aerodynamic contours of the fuselage, it 
does not have the bulbous, drag-producing 
shape of some installa- 
tions. In fact, lengthening the fusclage 
by 24 in. is expected to increase cruising 
speed slightly. Lear installs Bendix 
RDR-1B X-band radar equipment with 
Racon station plotting facility. . . .William 


‘‘nose-on-nose”’ 


P. Lear, AFIAS, Chairman of the Board, 


is on an extended trip to Geneva, Switzer- 
land. He will study European manu- 
facturing techniques and product designs, 
develop license arrangements, and evalu- 
ate export-import opportunities. . . .Roy 
J. Benecchi, who joined the Lear organi- 
zation in 1941, has been elected a Vics 
President. He also has been named Gen 
eral Manager of the Grand Rapids Divi- 
sion. 


e@ Linde Air Products Company. . .This 
Division of Union Carbide and Carbon 
Corporation will start production this 
fall at its new $14,000,000 silicone plant in 
Long Reach, W.Va. The plant will em- 
ploy about 350 persons For the first 
time, the company announces, silicone 
rubber is being cured successfully, using 
carbon black fillers instead of the con- 
ventional silica-type fillers. This advance- 
ment is made possible by the use of Linde 
W-96 Silicone, a new type of gum stock 
featuring controlled reactivity. Among 
possible applications for the new silicone 
rubber are airplane deicers A new 
4-page catalog on silicones may be ob- 
tained by writing Linde at 30 East 42nd 
St., New York 17, N.Y. 


@ Marquardt Aircraft Company says it is 
expanding its program in search of ceramic 
coatings and cermets that can withstand 
sustained operating temperatures in the 
range of 1,200° to 2,400°F., such as occur 
in ram-jet engines used in supersonic 
guided missiles. With core temperatures 
up to 4,200°F., the problem is to build a 
combustion chamber that will hold the 
burning gases without melting, oxidizing, 
sealing, or becoming brittle 


e North American Aviation, Inc., ar- 
nounces the signing of a mutual technical 
assistance agreement with Rolls-Royce, 
Limited, of Great Britain Under the 
10-year agreement, Rolls-Royce will be 
licensed to manufacture rocket propulsion 
systems designed by North American, 
and both companies will exchange tech- 
nical information on engineering, develop- 
ment, and manufacturing in the rocket 
propulsion field. .North American is 
constructing a $3,000,000 Propulsion De- 
velopment Center in Canoga Park, Calif, 
which will become headquarters for the 
company’s research, development, and 
manufacture of rocket propulsion systems. 
Its Propulsion Field Laboratory in the 
Santa Susana Mountains, near Los Ange- 
les, has expanded from 600 acres to 1,700 
acres since it was established in 1947... 
North American has completed a large, 
aluminum-skinned warehouse for the 
U.S. Air Force at the edge of the Mojave 
Desert in Palmdale, Calif. The insulated, 
dehumidified building, 500 by 1,000 ft. 
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IAS NEWS 


Comparative views of the prototype Convair YF-102 (left) and the production F-102A super- 
sonic, all-weather jet interceptor show the ‘‘wasp waist" configuration of the fuselage revealed 
recently by the NACA. Speed gains up to 25 per cent have been attained by application 


of the new design principle, which reduces the sharp drag rise at transonic speeds. 


Richard 


T. Whitcomb, MIAS, is credited with discovering the “‘area rule" in the 8-ft. Transonic Wind 
Tunnel at Langley Aeronautical Laboratory. The Grumman F11F-1 also had the benefit of 


this dramatic improvement in design. 


has 11 acres of inside storage space and 6 
acres of paved area for outside storage. 
It is used for storage of machine tools. 


e Northrop Aircraft, Inc. . . .A_high- 
velocity tow reel, capable of pulling a 
giant banner target at 600 m.p.h. on a 
cable 2 miles long, has been developed 
for the U.S. Air Force. The air-powered 
reel fits in the rear cockpit of an F-89 Scor- 
pion. The Air Force expects shortly to 
use B-57 and B-45 bombers as tow planes, 
each pulling more than one target. 


@ Nuclear Development Associates, Inc., 
of White Plains, N.Y., has changed its 
name to Nuclear Development Corpora- 
tion of America. 


@ Pan American World Airways, Inc.... 
Daily first-class and tourist-class through 
service, without changing planes, has 
been inaugurated between New York, 
Washington, Miami, Panama, and nine 
key cities in South America under terms 
of an interchange agreement made by PAA 
with National Airlines and Pan American- 
Grace Airways. 

@ Piasecki Helicopter Corporation. . . 
About 175 children marooned on three 
partly flooded islands in the raging Dela- 
ware River got the biggest thrill of their 
lives August 19 when eight H-21 helicop- 
ters from the Piasecki plant settled down 
and took them aboard. The youngsters 
were carried to the mainland over flood 
waters that did wipe out another island 
camp with heavy loss of life. Both com- 
pany pilots and Navy pilots flew the H- 
2l’s. Altogether, 19 helicopters—most of 
them flown by military and naval per- 
sonnel—took part in extensive~- rescue 
operations in the Delaware River valley, 
where floods caused by Hurricane Diane 
washed away bridges and wrecked thou- 
sands of homes. 

* J. B. Rea Company, Inc., has issued a 
brochure on its new Readix computer 


for scientific computation, data reduction, 
business data processing, and automatic 


systems. Requests may be addressed to 
1723 Cloverfield Blvd., Santa Monica, 
Calif. 


e Ryan Aeronautical Company. . .AN/ 
APN-67, an automatic navigator now in 
production for the Navy, enables planes 
to fly to any point on the earth’s surface 
without relying on ground facilities, 
favorable weather conditions, or the 
availability of aerological data. Em- 
ploying continuous-wave radar, the de- 
vice is well suited to high-speed flight 
because it is automatic, instantaneous, 
and continuous. It is completely con- 
tained within the airplane. For the 
human navigator, the Ryan equipment 
provides continuous information on posi- 
tion, ground speed, ground mileage, drift 
angle, course error, and ground track of 
the airplane. For the pilot, these data 
are automatically integrated and pre- 
sented on a single instrument. The pilot 
and navigator are relieved of tedious cal- 
culations. After a fix is set in the begin- 
ning of the flight, the pilot can fly to his 
destination simply by watching a single 
instrument (course error indicator) which 
tells him whether he is making good the 
desired course. The Ryan navigation 
system requires no ground facilities and 
is global in range. It simplifies trans- 
ocean flying. . . .Ryan’s jet-powered VTO 
plane, developed for the Air Force, is at 
Edwards AFB for flight tests. 


e@ Sikorsky Aircraft Division of United 
Aircraft Corporation. . .Disastrous floods 
that followed Hurricane Diane last August 
killed 40 persons and caused millions of 
dollars’ worth of damage in Connecticut. 
The Sikorsky plant at Bridgeport came 
to the rescue with a fleet of helicopters, 
most of them S-58’s, manned by com- 
pany test pilots and military pilots sta- 
tioned there. At the end of a busy day 
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they had lifted 475 men, women, and 
children from the roofs of crumbling build- 
ings and other precarious spots. One 
pilot who lacked a hoist made nine rescues 
by suspending an auto tire that a person 
could climb into. The largest number of 
rescues made by one helicopter was 
249. 


e Solar Aircraft Company has contracted 
to assist The Bristol Aeroplane Com- 
pany Limited, of England, in designing 
and building afterburners for jet engines... 
The agreement covers Bristol’s use of 
Solar’s developments in afterburner de- 
sign; advising the British company on 
afterburner design and production prob- 
lems; and the immediate designing and 
building, in San Diego, of prototype after- 
burners for Bristol engines. Solar pio- 
neered and perfected the afterburner im- 
mediately after World War II, and Solar 
afterburners were the first to fly on both 
U.S. Navy and Air Force planes. 


@ Thompson Products, Inc., has estab- 
lished a central staff department to seek 
out, investigate, and exploit new develop- 
ments in the atomic energy field. It will 
promote the sale of existing products that 
have been modified for use in the nuclear 
field and will later promote new prod- 
ucts designed especially for the atomic 
age. An announcement said Thompson 
Products will seek contracts, large and 
small, to engineer, develop, and produce 
specialized mechanical and _ electronic 
components and may attempt to acquire 
small companies now active in the atomic 
energy field. High-temperature metal- 
lurgy is one area that will be explored 
in the hope of finding metals that can 
withstand radiation without damage. 


@ United Air Lines, Inc. . . .A $6,000,000 
expansion program has been announced 


for the company’s maintenance base 
adjoining San Francisco International 
Airport. Construction will begin next 


spring on additional hangars, line main- 
tenance facilities, shops, a flight kitchen, 
employee cafeteria, rest quarters for flight 
crews, ramp and warehouse areas, and a 
water storage facility. Previously $10,- 
000,000 had been spent on this base, which 
has 3,300 U.A.L. employees. . . .United 
Air Lines is experimenting with closed- 
circuit television at Portland, Ore., Air- 
port as a quick way to disseminate flight 
information simultaneously to the public 
and to operating departments. A TV 
camera, focused on the dispatcher’s panel 
where arrival and departure times are 
posted, transmits pictures to receivers 
in the telephone sales office, the ramp 
chief's office, and the lobby. 


@ Westinghouse Electric Corporation. . . 
Gwilym A. Price was elected Chairman of 
the Board and will also continue as Presi- 
dent. Latham E. Osborne was elected 
Vice-Chairman. Mark W. Cresap, Jr., 
was promoted to Executive Vice-Presi- 
dent; John K. Hodnette was promoted to 
Vice-President and General Manager 
and also was elected to the Board of 
Directors. A. C. Monteith succeeded 


Mr. Hodnette as Vice-President in charge 
of the Apparatus Products Divisions, and 
John A. Hutcheson succeeded Mr. Mon- 
teith as Vice-President in charge of Engi- 
neering and Research. 
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BONUS THRUST: NO PENALTIES 


The addition of extra thrust to new jet engines with a com- 
bustion device weighing only six pounds is one of today’s 
major engineering achievements—the result of successful col- 
laboration between Janitrol and gas turbine manufacturers. 


Aside from its amazing light weight, chief features of the new 
Janitrol Post-Turbine Burner are ease and simplicity of in- 
stallation, long life, high efficiency, and ability to be turned 
on and off repeatedly as required. In its present stage of 
development, this Janitrol combustion equipment gives the 
aircraft engine designer a new dimension of power — and 
current progress indicates a good potential for even greater 
power gains, with negligible addition of weight. 
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This development is a concrete example of Janitrol 

pioneering — another of Janitrol’s many “firsts” 

which include the whirling flame heater, the radiant 

tube heating principle—hot rod wing anti-icing— 
purge gas generators—canopy seal regulators—and | 

the dimple plate construction of heat exchangers. 

The background necessary for these contributions 

has not been acquired overnight: rather, it goes 

back over 37 years and spans many fields of com- 

bustion engineering, heat treating, high tempera- 

ture metallurgy, fuel chemistry, and ceramics. We 

invite you to draw upon this unique fund of experi- 

ence to help raise efficiency or save weight in equip- 

ment for heat generation, conversion, or transfer 

processes. Call on your nearby Janitrol representa- 
tive early in the design stage. 


37 years experience in combustion engineering 


a 
& janitro 
AIRCRAFT-AUTOMOTIVE DIVISION 


SURFACE COMBUSTION CORPORATION 
Columbus 16, Ohio 


District Engineering Offices: New York, 225 Broadway; Washington, D. C., 4650 East-West Highway; Philadelphia, Penna., 401 No. Broad St.; 
Kansas City, Mo., 2201 Grand Ave.; Fort Worth, 2509 Berry St.; Hollywood, Calif., 7046 Hollywood Blvd.; Columbus, Ohio, 400 Dublin Ave. 
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AERONAUTICAL ENGINEERING REVIEW 


IAS SECTIONS 


Meet Your Section Chairman 


Theodore F. Hammen, Jr. 
New York Section 


Ted Hammen, who joined the IAS in 
1937, has held every office and served 
on every committee of the New York 
Section. With 
1,500 members, 
this is the IAS’ 
second largest Sec- 
tion. Ted also 
belongs to the Na 
tional Member- 
ship Committee of 
the IAS. 

He joined the 
Fairchild Engine Division of Fairchild 
Engine and Airplane Corporation, 
Farmingdale, Long Island, N.Y., in 1942 
as Director of Field and Installation 
Engineering, supervising all field engi- 
neering activities until 1950. Since 
then, he has been responsible for engi- 
neering administrative functions as 
Manager of Engineering Operations. 


During this time, he has maintained 
close touch with technical developments. 

Ted’s early business experience in- 
cludes a position on the aeronautical 
engineering faculty at Wayne Uni- 
versity, where he obtained his B.S. in 
Aeronautical Engineering in 1935 and 
his M.S. in 1939. He was a Civil 
Aeronautics Administration Project 
Engineer from 1937 to 1940 and As- 
sistant Chief Engineer of the Airplane 
Parts Division of Briggs Manufacturing 
Company from 1940 until he joined 
Fairchild. 

Ted has written a number of technical 
papers and articles for engineering mag 
azines. An Associate Fellow of the IAS, 
he also belongs to the Engineering So 
ciety of Detroit. 

Ted’s a busy man and has little time 
for hobbies. But he holds a private 
pilot’s license and lists flying and photog 
raphy as his chief avocations. He 
lives at 50 Meadowbrook Drive, Hunt 
ington Station, Long Island, with his 
wife and two children. 


Columbus Section 


One hundred members and guests at 
tended the season’s final dinner meeting 
May 24 at the Officers Club at the Naval 
Air Station, Port Columbus, Ohio. 
New officers were installed, and a film on 
air power was shown. 
p> Emerson W. Smith, Group Engineer, 
Power Plant Test and Development, 
North American Aviation, Inc., ad- 
dressed 65 persons at the April 19 meet- 
ing, held at the North American plant. 
His subject was ‘‘Power-Plant Installa- 
tion Development and Testing.’”’ He 
discussed some of the important design 
problems associated with power-plant 
installations in today’s high-speed air- 
craft. The talk covered power-plant 
systems, as well as actual power-plant 
testing. The speaker presented a film 
showing the operation and proof-testing 
of fuel systems on several North Ameri- 
can airplanes, and then he led the group 
on a tour of the Fuels Laboratory. 


James T. OVERBEY, Secretary 


Los Angeles Section 


New officers have been elected: 
Chairman, George R. Mellinger; Vice- 


Chairman, Welko E. Gasich; Secretary, 
Richard G. Fuller; and _ Treasurer, 
Joseph W. Wechsler. 

p> One hundred seventy-five members of 
the Los Angeles Section were on hand for 
a field trip on August 16 that featured 
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the facilities of the Los Angeles Inter- 
national Airport. Host to the group 
was Bob Hamilton, Assistant to the Air- 
port Manager. 

A bus tour around the inner perimeter 
was made, enlivened by a running com- 
mentary on the facilities and plans of 
the airport. Stops were made at Los 
Angeles Airways, where helicopters and 
helicopter components were on view, and 
at the U.S. Weather Bureau Forecast 
Center, the operations of which were 
outlined. The final stop was at the 
traffic-control tower, where the control 
of aircraft under all conditions was ex- 
plained and precision and search radar 
was observed in operation. 

RICHARD BOYLES, JR. 
Field Trips Committee 
> Fred C. Gunther, Senior Research 
Engineer at the Jet Propulsion Labora- 
tory of the California Institute of Tech- 
nology, spoke to 100 members at a 
classified specialist meeting on August 9. 
His subject was “A Two-Dimensional 
Adjustable Supersonic Inlet.”’ 
DONALD COLES 
Specialist Mectings Committee 


Air-Frame Construction 
St. Louis Section 


An audience of 120 members and 
guests attended the May 26 meeting, 
which was devoted to a panel discussion 
of “‘New Air-Frame Construction Meth- 
ods and Techniques.”’ 

George C. Pfaff, Jr., of The Glenn L. 
Martin Company, discussed the honey- 
comb structures used in the tail of the 
XP6M and in aerodynamic surfaces of 
the B-61. He presented structural data 
and cost comparisons to show that 
honeycomb construction was a_valu- 
able new method. The talk was illus- 
trated with charts and slides. 


Here are the four visiting experts who led the panel discussion of ‘New Air-Frame Construc- 


tion Methods and Techniques" at the May 26 meeting of the St. Louis Section. 
A. T. Mociun, North American Aviation, Inc.; J. A. 


Left to right: 
Horn, McDonnell Aircraft Corp.; 


H. Rosenbaum, Convair, A Division of General Dynamics Corp.; and George C. Pfaff, Jr., The 


Glenn L. Martin Co. 
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Here’s a New RUGGED 
MOTOR 


for RUGGEO applications 


Can you make use of it? 


4 


technical 
bulletin 


SPECIFICATIONS = 
TYPE D-812 HOIST MOTOR 


Capacity: 2.7 HP at 3000 RPM on 2644-volt DC. 
Duty Cycle: 20 minutes ‘“‘on” and 1 hour “off”. 
Weight: 21 pounds. 

Military Specification: Meets MIL-M-8609. 
Special Features : Explosion- and splash-proof. 


Type D-812 is a rugged hoist motor specially designed by EEMCO for 
use in aircraft. Like many EEMCO motors and actuators, Type D-812 
may be adapted to other applications with or without slight modifi- 
cations. Weighing 21 Ibs., on 26%2-volts DC, it delivers 2.7 HP at 
3000 RPM at the output shaft. It has a duty cycle of 20 minutes 
“on” and 1 hour “off”. D-812 is explosion- and splash-proof, and 
like all other EEMCO motors, has been designed to meet Military 


Specification MIL-M-8609. Electrical Engineering 
EEMCO SPECIALIZES IN MOTORS AND ACTUATORS and Manufacturing Corp. 


EEMCO’s facilities and capabilities are devoted exclusively to the 


design and manufacture of special motors and rotary and linear actu- 4612 West Jefferson Boulevard 
ators. Since 1942, EEMCO has made nothing else. Therefore, your Los Angeles 16, California 
motor and actuator needs can best be filled by EEMCO specialists Telephone REpublic 3-0151 


whose talents are confined to producing these essential items. And 
... On-time deliveries are routine at EEMCO. 


PROJECT ENGINEERS: You can save valuable time and development 
expense by adapting a proven EEMCO motor or actuator to your Designers and producers of motors, 


needs. Your inquiry is invited. 
linear and rotary actuators exclusively 
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SINE OR COSINE 
=i 
A.C. VOLTAGE 


Ingenious electro-mechanical 


device generates 
Sine or cosine function 


From a combination of mechanical and electrical principles, Ford 
Instrument Company engineers have produced and patented an 
electro-mechanical device to generate sine and cosine functions. The 
mechanical portion is an internal-gear angle resolver. It consists of 
two gears — an internal gear and a pinion. Because the pinion has 
exactly half the number of teeth as the internal gear, the pin on its 
pitch circle traces a straight line when the pinion rolls inside the 
angle gear. 

Furthermore, the displacement of the pin relative to the center of 
the internal gear is proportional to the sine (or cosine) of the roll 
angle of the pinion. 

If a linear potentiometer is now placed along the diameter of the 
internal gear and a potentiometer slider is fastened to the pin on the 
pinion, the voltage picked off by the brush is proportional to the 
sine (or cosine) of the angle. 

Two such systems, connected in tandem, produce simultaneously 
both the sine and cosine functions. 

This is another example of Ford Instrument engineering ingenuity. 
What appears on the surface to be a complex problem is solved by 
the combination of well-known principles. 

Perhaps you have a problem that could benefit from Ford Instru- 
ment experience. Ford Instrument engineers work every day with 
systems using mechanics, electronics, hydraulics, electro-mechanics, 
magnetics, atomics. How can Ford help you? 


FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 


SINCE 1915 LEADERS IN AUTOMATIC CONTROL 
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H. Rosenbaum, of Convair, A Divi- 
sion of General Dynamics Corporation, 
described metal-to-metal bonding con- 
struction. He pointed out strategic 
locations where this process could save 
air-frame weight and cost. 

Jim Horn, of McDonnell Aircraft 
Corporation, presented details of a new 
process for pressing essentially a zero- 
draft forging of very close tolerance and 
good physical properties. 

A. T. Mociun, of North American 
Aviation, Inc., described the new ‘‘chem- 
milling” process as used in constructing 
air frames. He discussed the chemical 
characteristics of the process and the 
physical properties of each product. 
Slides showed typical chem-milled parts 
made by North American. 


San Diego Section 


George Gamow, Professor of Theoreti- 
cal Physics at George Washington Uni- 
versity, addressed the dinner meeting of 
August 16. His lecture on ‘‘Creation 
of the Universe’’ was an excellent survey 
of modern astrophysical cosmology, 
It included a summary of original re- 
search which he had accomplished in 
this field of science, a contribution 
which draws heavily upon modern 
nuclear theory. 
> The July 26 meeting on ‘Space Flight 
Problems” was a tremendous success. 
Krafft Ehricke, Design Specialist of 
Convair, A Division of General Dy- 
namics Corporation, described the prob- 
lems of orbital flight and of extending 
flight beyond the orbit to make contact 
with the moon. It was his third talk in 
a series of four. 

p» “NACA Crash-Fire Research’’ was 
described at the technical meeting July 
6 by Irving Pinkel, Associate Chief of 
the Physics Division, Lewis Flight 
Propulsion Laboratory. His _ talk 
covered the NACA’s most recent crash- 
fire studies with jet airplanes and was 
illustrated by color movies and slides. 
>» Note to Correspondents: The ad- 
dress of our local IAS Building is now 
3380 North Harbor Drive, San Diego 1, 
Calif. The street’s name has _ been 
changed—it used to be called Harbor 
Drive. 
D. P. GERMERAAD 
Acting Corresponding Secretary 


Static Testing 


Seattle Section 


“Static Testing of the B-52"’ was the 
subject of discussion following a dinner 
meeting at the Sand Point Naval Ait 
Station on July 20. The speakers were 
E. Z. Gray, Chief of the Stress Unit, 
and Floyd A. Swenson, Assistant Chief, 
Structural Test, both of the Boeing Att- 
plane Company. 
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A new kind of airplane 


“makes the hews 


MH Read 


With a new kind of power 
transmission designed and 
built by FOOTE BROS. 


A revolutionary aircraft, McDonnell’s XV-1 Converti- 
plane, recently made news by completing the first success- 
ful conversion from vertical to horizontal flight...a 
totally new concept of flight which combines the vertical 
flight characteristics of a helicopter with the speed and 
range of a conventional fixed wing aircraft. 


To help put this remarkable aircraft in the air required a 
completely new kind of power transmission for the pusher 
propeller and the rotor which is driven by pressure jets 
located at the tip of each of the three blades. McDonnell 
called on Foote Bros. to design and build this highly 
intricate transmission. The successful flight of the XV-1 
is ample testimony to the skill and capacity of Foote Bros. 
to meet the exacting needs of America’s great aircraft 
manufacturers. It will pay you to see Foote Bros. first— 
the right place to bring your power transmission and 
mechanical actuator problems! 


FOODIE? BROS. 


Power Though Beller Bears 


Since 1859 


Foote Bros. Gear and Machine Corporation 
4545 South Western Boulevard 
i G, Chicago, Illinois 


f 

FODTE BROS, 

“Dutt Rated This trademark stands 
UFETINE GEARING for the finest industrial 
gearing made! 


T.M. REG. U.S. PAT, OFF. 
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SERVO 
MOTOR-GENERATORS 
FOR EVERY 
PURPOSE 


AERONAUTICAL 


ENGINEER 


ING REVIEW 


Kearfott Servo Motor-Generators are characterized by low rotor inertia, low 
time constants and high stall torque. Motor-Generator combinations pro- 
vide % to 3.1 volts per 1000 R.P.M. with an extremely linear output over a 
speed range of O—3600 R.P.M. and useful output up to 10,000 R.P.M. 
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CHARACTERISTICS 
TYPE MOTOR GENERATOR 
STALL TORQUE | NO LOAD SPEED Pg ee LINEARITY 

DAMPING 

SIZE 10 .35 OZ. IN. 6000 21/1 5% 

SIZE 10 .30 OZ. IN. 8500 23/1 4 

SIZE 11 .63 OZ. IN. 5900 25/1 5% 

SIZE 15 1.5 OZ. IN. 5000 25/1 5% 

SIZE 18 2.4 OZ. IN. 5000 25/1 5% 

SIZE 18 3.0 OZ. IN. 9600 23/1 5% 
RATE 

SIZE 15 .45 OZ. IN. 10,500 170/1 5% 

SIZE 15 1.5 OZ. IN. 4700 350/1 2% 

SIZE 18 2.4 OZ. IN. 4700 350/1 2% 

SIZE 18 3.0 OZ. IN. 8400 350/1 2% 
*INTEGRATOR 

SIZE 15 .70 OZ. IN. 6300 400/1 ab 4 

SIZE 15 1.25 OZ. IN. 4500 400/1 1% 

SIZE 18 1.35 OZ. IN. 7200 400/1 1% 

SIZE 18 2.4 OZ. IN. 5200 333/1 05% 

SIZE 18 3.0 OZ. IN. 8000 333/1 05% 


*integrator Tachometers are temperature stabilized 


Send for Bulletin describing 
Servo Motor-Generators of in- 


terest to you. 


ENGINEERS 
Many opportunities in the field 
of Precision components are 
open. Write for details today. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. 
West Coast Office: 253 N. Vinedo Avenue, Pascdena, Calif. 


South Central Office: 6115 Denton Drive, Dallas, Texas 
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Since the B-52 statie test program is 
the largest series of testing of this type 
ever undertaken, the description and 
results of the year and one-half of testing 
proved most interesting. Swenson gave 
a description of the structural test set- 
up; Gray discussed the purpose and re- 
sults of the program. 

Inasmuch as the aircraft designer is 
working to very close limits, it is neces- 
sary for a test program to be conducted 
to ascertain whether design goals have 
been met. In addition, 
tential for an air frame 
tablished by strengthening the structure 
where tests show that gains may be 
made efficiently. This growth of an 
air frame was employed in the B-47 
program, and it is anticipated that the 
same type of growth will be true for the 
B-52 airplane. For this reason, the 
static test program is exploited to as full 
an extent as possible by failing the struc- 
ture in as many parts and for as many 
conditions as practical. 

Other important reasons for the struc- 
tural test program which were pointed 
out were to (a) eliminate all possible ex- 
cess weight, (b) check design practices, 
since structures are becoming increas- 
ingly complex from the analysis stand 
point, (c) determine characteristics of 
new alloy materials, and (d) improve 
designs of future aircraft by past ex 
periences. 

The lecture was illustrated by color 
slides showing the test set-ups in various 
stages and by a sound recording of a 
structure at the point of failure. 

The Section’s new _ officers 
Chairman, G. W. (Bill) Taylor; Vice- 
Chairman, Harlowe J. Longfelder; 
Secretary, Miss Dorothy Elaine Geth- 
ing; and Treasurer, Belleville White- 
head, Jr. 


growth po- 
may be es- 


are: 


Louts V. Scumipt, Past Secretary 


Newly Organized 


Tulsa Section 


Nineteen enthusiastic people met in 
Tulsa, Okla., on August 23, 1955, for 
the purpose of forming a new section of 
IAS. Many of those present had been 
paying national dues for some years 
without ever having had the privilege 
of attending IAS meetings. It is hoped 
that this lack will now be remedied by 
interesting meetings open to all members 
and prospective members in the Tulsa 
area. 

The organization meeting was sparked 
by Clark L. Marks, who was responsible 
for an area-wide mail survey of IAS in- 
terest in this Section, and by Jere T. 
Farrah, former Seattle Section Chait- 
man, who is now employed in Tulsa. 
With the leadership of these two men, 
Marks as Chairman and Farrah as Vice- 
Chairman, we look forward to a success- 
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Imperial 


He would 
TRACING CLOTH 


In drafting rooms throughout the world 
Imperial quality is the standard by which 
fine tracing cloths are judged. This has 

been true for decades, and Imperial 
remains the finest tracing cloth be- 
cause its makers have contin- 
ued to improve its 

quality and 

value. 
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ATTENTION! 


AIRCRAFT PARTS & 
EQUIPMENT MANUFACTURERS 


Order Space Now 


in the 


1956 AERONAUTICAL 
ENGINEERING 
CATALOG 


“Aviation's Established Buyer's Guide and Directory” 


7,000 distribution in March, 1956, to Buyers and 
Buying Engineers in Aircraft Plants ... Engine Plants 
... Air Force ...N.A.C.A... . Navy... Wind 
Tunnels . . . Research Laboratories . . . Major Airlines. 


Write today for details and 
4-Page Specifications Folder 


Deadline for copy—Dee. 15, 1955 
AERONAUTICAL ENGINEERING CATALOG 


Published by 


Institute of the Aeronautical Sciences 
2 East 64th St. New York 21, N.Y. 
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“CLIP-TYPE” 
closed entry socket contact 
now standard in 


BENDIX 
SCINFLEX 


ELECTRICAL 
CONNECTORS 


Cannot be overstressed — eliminates 
intermittent circuit problems resulting 


from socket contact malfunction. 


The heart of any electrical connector is the socket contact. 
This is why the Bendix-Scinflex* socket contacts have 
always been machined from bar stock. Stampings, with 
their required thin sections, can be easily overstressed. 

Even with the machined sockets, industry has been 
plagued with overstressed spring leaves due principally 
to the misuse of test probes and lax tolerances on pin con- 
tacts. Bendix engineers have now provided the only socket 
contact on the market today which completely eliminates 
all these problems. 

The “Clip-Type” socket will not accept any oversize 
probe or pin nor can one be forced into it. Also, no amount 
of wrenching or twisting of an acceptable pin or probe can 
possibly distort the spring clip. This new socket is now 
standard in all Scinflex connectors including those using 
solderless, high-temperature and thermocouple contacts. 

Our sales department will be glad to furnish complete 


information on request. *TRADE-MARK 


SCINTILLA DIVISION of  Gemolje7 


SIDNEY, NEW YORK AVIATION CORPORATION 


Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N.Y. 
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan ® 512 West Ave., Jenkintown, Pa. ¢ Brouwer 
Pidg., 176 W. Wisconsin Avenue, Milwaukee, Wisconsin © 8401 Cedar Springs Rd., 
Dallas 19, Texas * American Bidg., 4 S. Main Street, Dayton 2, Ohio * 1701 “K" Street, 

N. W., Washington 6, D. C. © Boeing Field, Seattle 8, Washington, 
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ful Section. 
Treasurer. 
Usually the first goal of a new Section 
is increased membership, and so a mem- 
bership drive was planned. Each mem- 
ber present was commissioned to recruit 
as many prospective members as possible 
from among his own business associates 
and to bring them to our next meeting. 
This meeting will be an informative one 
with an accent on the aims, purposes, 


R. B. Jenny was elected 


AERONAUTICAL 


and benefits of membership in IAS, plus 
a film of current interest to those in the 
aeronautical world. 


GERTRUDE HI FILA, Secretary 


Wichita Section 


New officers are: Chairman, John 
Ruptash; Vice-Chairman, John T. 
Calhoun; Secretary, Sanford H. Hin- 


ton; and Treasurer, Edward J. Sullivan. 


STUDENT 


BRANCHES 


California State Polytechnic College 


Willis M. Hawkins, Chief Engineer of 
the Missile Systems Division of Lock- 
heed Aircraft Corporation, addressed 
the Student Branch at its annual ban- 
quet marking the end of the school year. 

Describing the “‘brain’”’ and ‘‘eyes”’ of 
the modern guided missile, he likened 
the functions of the missile to a hunter 
stalking his prey. The missile may be 
compared to the rifle bullet, he said: 
the hunter aims the bullet with his eye, 
whereas radio waves direct the missile on 
its path. The “‘lack of intelligence” of a 
bullet is equivalent to the inability of 
some missiles to change their course, 
once they have been aimed and fired. 
The speaker used this analogy in de- 
scribing several general types of missiles 
that can be guided to a target. 

Lester W. Gustafson, Head of the 
Aeronautical Engineering Department, 
presented Jerry Molan, a graduating 
senior, with an award for maintaining 
the highest average in his aero courses 
for the past 2 years. 

Chairman Jack Gresham presented a 
gavel to Warren Wilson, Chairman- 
Elect. Wilson gave Gresham a plaque 
for being ‘‘an outstanding Chairman.” 


EUGENE ROBINSON 
Corresponding Secretary 


U.S. Naval Postgraduate School 


The Student Branch met August 10 to 
hear Michael H. Vavra, Professor in the 
Department of Aeronautics, discuss re- 
cent gas-turbine developments in 
Europe. During the summer he had 
visited a number of universities and de- 
velopment facilities in England, Ger- 
many, France, and Switzerland. 

At present, Vavra said, there is a 
general emphasis on turbine research 
but compressor and combustion research 
are not being ignored. Turbine blade- 
cooling methods are being investigated 
rather than the development of higher- 
temperature materials. He described 
an air-lubricated high-speed journal, two 
rather complex closed-cycle stationary 
gas-turbine plants built by Swiss firms, 
and a 750-hp., free-piston gas turbine 
developed by the French. 


Fifty attended the meeting. The 
following new officers were elected: 
Chairman, Lt. Richard J. Peterson, 


USN; Vice-Chairman, Lt. Harland A. 
Gray, Jr., USN; Secretary-Treasurer, 


Lt. William M. Callaghan, Jr., USN; 
and Corresponding Secretary, Lt. Fred 
S. Dunning, USN. Richard M. Head, 
Professor of Aeronautics, continues as 
Honorary Chairman and Faculty Ad- 
viser. 


RICHARD J. PETERSON, Chairiian 


ELECTED 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the Review. 


Elected to Associate Fellow Grade 


Nonweiler, Terence, B.Sc., Sr. Lec- 
turer—Aerodynamics & Math., British 
College of Aeronautics (England). 


Sorgen, Carl C., B.Sc. in Ae.E. & M.E., 
Chief, Power Plant Div., Office of Asst. 
Secy. of Defense (Wash., D.C.). 


Young, John W., B.S.M.E., Dir. 
ity Control, North American 
Inc. (Los Angeles). 


Qual- 


Aviation, 


Transferred to Associate Fellow Grade 


Gaskell, Chester W., Jr., B.S. in Ae.E., 
Chief Engr. & Div. Mgr., Aircraft Engrg. 
Div., Lear, Inc. 
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Kass, George, Sr. Proj. 
Coast Aeronautics, Inc. 

Keats, Edgar S., M.S. in Ae.E., Capt, 
USN; Dir.—Armament Test, NATC 
(Patuxent River). 

Mattson, Axel T., M.E. (Aero.), Aero, 
Research Scientist; Head, Transonic Tun- 
nels Sect., Langley Aero. Lab., NACA, 
Langley AFB. 

Pocock, John William, M.S., Partuer, 
Booz, Allen & Hamilton 

Williams, Max L., Jr., Ph.D. in Aec.E, 
Assoc. Prof., California Institute of Tech. 
nology. 

Yusuff, Seyed, Ph.D., Research Special. 
ist, The Bristol Aeroplane Co 


Elected to MEMBER Grade 


Amin, S. D., Wing Commander, IAF, 
Command Maint. Staff Officer, Indian Air 
Force. 

Baker, Irwin, M.S. in M.E., Mech, 
Engr.—Stress; member of Struct. Analysis 
Group, Hughes Aircraft Co 


Engr., East 


Beach, Lawrence R., B.S., Mgr.—Field 
Service, AGT Service Dept., AGT Div, 
Westinghouse Electric Corp. (Kansas 


City). 

Beaumont, James D., B.Sc., Sr. Sales 
Engr., Commerical Sales, Allison Div., 
General Motors Corp. 

Bergman, Enar, M.E., Self-Employed, 
various engrg. projects 

Brown, Wm. Leon, B.S., Chief, Power- 
plant Sect., Aero. Center, CAA (Okla- 
homa City). 

Cavanagh, Robert L., B.S.A.E., Chief, 


Research Unit, Hq. WADC, Wright- 
Patterson AFB. 
Courtney, Thomas, Jr., Proj. Engr. 


Missile Engrg. Div., McDonnell Aircraft 
Corp. 

Crook, Frank W., Lt. Comdr., USN; 
Head, Tow Target Sect., Armament 
Test, NATC (Patuxent River) 

Crupi, Raymond F., Design Engr., Con- 
vair, San Diego, A. Div. of General Dy- 
namics Corp. 

Dean, Robert C., Jr., Sc.D., Asst. 
Prof.—Mech. Engrg., Massachusetts In- 
stitute of Technology. 

Dewan, Inder M., M.S. in Aero., Aero- 
dynamicist & Instructor, Lockheed Air- 
craft Corp. (Burbank). 

Duke, Charles E., Ph.D., Sr. 
Intelligence Div., Haller, 
Brown, Inc. 

Flinn, Jesse M., Jr., B.S. in Ae.E, 
Strength Test Engr. (Struct. Engr.), 
Douglas Aircraft Co., Inc. (Long Beach). 

Fragola, Caesar F., M.S. in E.E., Engrg. 
Dept. Head—Aero. Instruments, Sperry 
Gyroscope Co. Div. of Sperry Rand Corp. 

Gawain, Theodore H., D.Sc.M.E., Prof. 
of Aeronautics, U.S. Naval Postgraduate 
School. 

Hannan, William P., B.S. in AeE, 
Proj. Engr.—Air Systems, Overhaul & 
Supply Depot, American Airlines, Inc. 
(Tulsa). 

Hief, Arlis J., B.S.M.E 
Asst. Proj. Engr.—Design, 
Aircraft Co. 

Himmel, Edward J. O., B.S. in Ae.E, 
Dept. Rep.—Struct., The Glenn L. Martin 
Co. 

Huston, Wilber B., B.S., Aero. Re 
search Scientist, Maneuver Loads Branch, 
Flight Research Div., NACA, Langley 
AFB. 
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Aircraft 
Controle 


selected by Piasecki 
for pilot’s automatic release 


of cargo from H-21 Helicopter 


BARBER-COLMAN ROTARY ACTUATOR 
FOR PIASECKI H-21 HELICOPTER 


Fitting in ideally with the military's new concept of rapid 
mobility of troops and supplies, the Piasecki H-21 helicopter 
is able to make cargo delivery “right on the spot” without 
landing. An ingenious cargo sling lets the pilot drop the 

load at a destination point simply by moving a control 

in the cockpit which automatically releases the cargo hook. 
This permits unloading in rough, secluded country and 

other inaccessible areas. To actuate release of the cargo hook, 
a high speed, high torque Barber-Colman rotary actuator is 
used. Development of this for Piasecki is another example of 
how Barber-Colman engineers and production facilities can 

be employed to find the best answers to a wide range of A 
aircraft control problems. 


The complete line of Barber-Colman aircraft controls includes: 
Actuators; Valves; Positioning Controls; Temperature Controls; 
Small Motors; Ultra-Sensitive Relays; Thermo-Sensitive Elements. 
Write for Catalog F-4141-1. Engineering sales offices in Los 
Angeles, Seattle, Baltimore, New York, Montreal, Melbourne. 


Barber-Colman Company 
DEPT. W, 1424 ROCK STREET, ROCKFORD, ILLINOIS 
Aircraft Controls +» Automatic Controls + Industrial Instruments 


Small Motors +:  Aijr Distribution Products + Overdoors and Operators 
Molded Products + Metal Cutting Tools - Machine Tools - Textile Machinery 


| | 
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ff 
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* 14 the weight of standard AN connectors 

* Pressure-proof 

* Available in alternate designs for potting 

x Waterproof when engaged or disengaged 

x “O” ring sealed 

* Tamper-proof, unitized insert construction 

x Aluminum shells with hard-chrome finish 

x Available in standard plus two alternate positions 
* Gold-plated contacts: AMPHENOL blue dielectric 


x Positive built-in moisture proof 
cable strain relief and clamp 


MINIATURE 


AN-type CONNECTORS 


The AMPHENOL 165 series of miniature-AN-type connectors 

present avionics engineers with unusual opportunities. For these are unusual 
connectors. They feature the dependable electrical characteristics of 
standard AN connectors compressed into weight-saving, space-saving 
design. In pressure-proof and waterproof features they exceed AN 
specifications. The use of self-contained, unitized, tamper-proof construction 
on the female inserts, and two alternate positioned inserts for 
gang-mounting are additional advantages. 165 series connectors are 
available in two shell sizes and six contact configurations. “Miniature” 


shell: 5, 9 or 12 contacts; “small” shell: 11, 14 or 24 contacts. 


Further space and weight sav- 
ing can be obtained by order- 
ing 165 series connectors for 
potting. Perfected by AMPHENOL, 
potting is the modern, positive 
method of moisture-proofing. 


PHENOL, 


AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 
In Canada: AMPHENOL CANADA LIMITED, Toronto 


Jahnke, Robert L., B. of Ae.E., Asst 
Service Mgr.—Aircraft, Allison  Div.. 
General Motors Corp. 

Jones, Lynn W., BS.A.E., Head, 
Propulsion Group, Temco Aircraft Corp 

Low, Emmet F., Jr., Ph.D., Asst. Prof,, 
Math. Dept., Univ. of Miami 

Marks, Marvin D., A.B., Chief Flight 
Test Engr., McDonnell Aircraft Corp 

Matava, Stephen J.,. M.Sc. in E.E,, 
Engr., System Group, Automatic Pilot 
Devel. Dept., Sperry Gyroscope Co. Div 
of Sperry Rand Corp. 

Munroe, Gilbert G., Chief Weights 
Engr., Airplane Engrg. Div., McDonnell 
Aircraft Corp. 

Norton, David A., B.S. in A.E., Aero- 
dynamics Engr. ‘‘B,’’ 707 Aerodynamics, 
Design & Devel. Group, Boeing Airplane 
Co. (Seattle). 

Poste, Edward A., B. of Engrg. in M.E,, 
Group Head, Aero-Thermodynamics, Fre- 
lim. Design & Devel. Sect., Allison Div., 
General Motors Corp. 

Powis, Henry A., Owner, Henry A. 
Powis Engineering Co. 

Prian, V. D., Ph.D. M.E., Design 
Specialist, Heat & Vent Sects, Power 
Plant, Northrop Aircraft, Inc 

Rawson, Ralph W., M.S. in Ae.E,, 
Comdr., USN; Dir., Industrial Planning 
Div., BAGR-CD, Wright Patterson AFB. 

Shultz, Andrew W., M.S. in Ae.E, 
Aerodynamicist, Bell Aircraft Corp. 


Transferred to MEMBER Grade 


Bracha, Vincent J., B.S., Major, USAF; 
Proj. Engr., F-94, RC-121, F-86D, Air 
Defense Command, Ent AFB. 

Griffith, Billy J., B.S., Aerodynamics 
Engr., Convair, Ft. Worth, A Div. of 
General Dynamics Corp. 

Heldack, John M., B.S. in M.E., Mgr.— 
Aircraft & Weapons Systems, Western 
Dist., General Electric Co. (Los Angeles). 

Hinckley, E. Charles, B.S., Aerophysics 
Engr., Convair, Ft. Worth, A Div. of 
General Dynamics Corp 

James, Jack W., B.S. in M.E. (Aero.), 
Designer, Douglas Aircraft Co., Inc 
(Santa Monica). 

Keppel, Robert E., B. of Ae.E., Assoc 
Scientist, subdiv. leader, Instrumentation 
Group, Rosemount Aero. Lab., Univ. of 
Minnesota. 

Klein, Robert C., B.E.E., Proj. Engr. 
Kollsman Instrument Co 

Listou, Robert F., Capt., USAF; C- 
124 & C-133 Proj. Engr., Directorate of 
Weapon Systems Operations, Hq. ARDC, 
Wright Patterson AFB 

Mack, Leslie M., Sc.D., Research Engr., 
Jet Propulsion Lab., California Institute 
of Technology. 

Michael, Fernand A., Engr. in charge 
Engine Build-Up & Propeller Overhaul 
Sects., Air India International Corp 
(Bombay ). 

Ogren, Helmer H., II, B. of AcE, 
Design Engr., Aero. Div., Minneapolis- 
Honeywell Regulator Co 

Peers, Richard G., Field Engr., AGT 
Div., Westinghouse Electric Corp 

Reagan, Roscoe R., B.S. in AcE, 
Aerodynamicist, Douglas Aircraft Co. 
(Tulsa). 

Schneider, William C., M.S., Aero. 
Research Scientist, Langley Aero. Lab. 
NACA, Langley AFB. 
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Skolka, Edwin J., B.S. in Ae.E., Assoc. 
Engr., Mech. Equipment Staff, Boeing 
Airplane Co. (Wichita). 

Smith, Elwood P., B.S., Design Engr. 
“B,”’ Boeing Airplane Co. (Seattle). 

Smith, James E., Jr., B. of Applied Sc. 
in M.E., Supvr., Special Flight Proj. 
Group, Computing Devices of Canada, 
Ltd. 

Tompkins, Henry H., M.Ae.E., Aero- 
dynamicist, Stability & Control Group, 
Douglas Aircraft Co., Inc. (El Segundo). 

Wechsler, Joseph W., Ae.E., Asst. 
Engr., Airplanes Group, Aircraft Div., 
The RAND Corp. 

Zuckerman, Irving, M.S. in M.E., 
Struct, Engr. ‘‘A,’’ Aerophysics Develop- 
ment Corp. 


Elected to Associate Member Grade 


Chalk, O. Roy, B.A. & LL.D., Pres., 
Trans Caribbean Airways, Inc. (New 
York). 

Cheves, Gilbert X., B.S., Military 
Relations Rep., Radioplane Co. 

Davey, Jack P., Jr., M.A., Wash. 
Rep.—Airframe Subcontractor, Aeronca 
Manufacturing Co. 

Herbert, John W., B.S.M.E., Treasurer 
& Sales Engrg., Christensen Tool & Engi- 
neering, Inc. 

Kennington, Gordon B., Tech. Rep., 
Douglas Aircraft Co. (El Segundo). 

Massey, A. Darrel, Aviation Sales 
Engr.—Aircraft Armament, Electronic & 
Elect. Systems, Westinghouse Electric 
Corp. (St. Louis). 


Transferred to Associate Member 
Grade 
Becerra, Lawrence, Dir.—Field Engrg., 
Consolidated Diesel Electric Corp. 


Elected to Technical Member Grade 


Cosper, Ernest B., Jr., B.S.M.E., Engr., 
Catapult Group, All American Engineering 
Co. 

Hallmark, Gordon T., B.M.E., Aircraft 
Design Engr., Lockheed Aircraft Corp. 
(Marietta). 

Overton, John J., Aircraft Engr. “B,”’ 
United Air Lines, Inc. (San Francisco). 

Rogers, Philip W., B.S., Assoc. Engr. 
Struct. Staff, Boeing Airplane Co. 
(Seattle ). 

Rosen, B. Walter, M.S., Aero. Re- 
search Scientist, Struct. Research Div., 
NACA, Langley AFB. 

Sann, Robert I., B. of M.E., Test Engr., 
Wright Aero. Lab., Curtiss-Wright Corp. 


Transferred 


Member 


to Technical 
Grade 


_ Bekins, Donald M., B.S. in Ae.E., B.S. 
in Bus. Mgt.; 2nd Ltd., USAF; Aircraft 
Maint. Officer, 6486th Field Maint. Sq. 

Benson, Stuart J., B.S. in Ae.E., Engr. 
Aerodynamics, North American Aviation, 
Ine. (Columbus). 

Bereswill, Frederick C., B. of Ac.E., 
Flight Test Engr., Convair, San Diego, A 
Div. of General Dynamics Corp. 

Bertles, Raymond G., B.S. in Aero., 
Aero. Powerplant Engr., U.S. Naval Air 
Turbine Test Station. 

Boslaugh, David L., B. of Ae.E., Ens., 
USN, USS “H. W. Tucker” (DDR 875). 
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IAS NEWS 


From MOOG... 


a Dry Solenoid Servo Valve 


For those electro-hydraulic servo systems which 
require valves of high dynamic performance, re- 
liability, small size and low weight, Moog units have 
achieved recognition as the industry standard. 

And now, for those systems in which the fluid 
contains entrained iron, Moog has developed the 
Model 2000 Servo Valve. These units feature a 
dry solenoid which eliminates the possibility of 
torque motor contamination due to magnetic par- 
ticles. These valves comply with requirements of 
MIL-H-5440A and are smaller and lighter than 
other Moog units of the same flow capacity. 

Moog Valves, including Model 2000, are pro- 
portional type, electrically actuated, hydraulic, 
four-way valves featuring high dynamic response, 
sensitivity, linearity, and reliability. Production 
models are designed to operate in hydraulic sys- 
tems of from 1000 to 3000 psi pressure. Rated 
output flows from 0.1 to 50.0 GPM for control 
currents of from 2.0 to 40.0 milliamperes as speci- 
fied are available in production units. 

Conventionally the valve input is from a bal- 
anced push-pull DC amplifier and the valve flow 
output is applied to a piston or hydraulic motor. 
An electric signal proportional to piston position 
or motor angular rotation is fed back to the ampli- 
fier to give a closed servo loop. 

Typical applications for these units are in servo 
systems used for guided missile and aircraft flight 
controls, radar scanner actuation, contour following 
machine tools, and automatic packaging equipment. 


For details write for Bulletin 2000-1 
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Up... to 5432°F 
CARBON 


gets stronger 


The tensile strength of carbon (in 
the form of graphite) actually 
doubles as the temperature is in- 
creased from 70° to 5432° F. That’s 
one reason for the growing interest in 
carbon as a structural material for 
high-temperature service in rockets. 


Here are some others: 


*Carbon and graphite are excellent 
refractory materials of long standing. 
*Graphite does not melt. It has a 
low vapor pressure but sublimes at 
approximately 6300° F. 

*Carbon and graphite parts can be 
readily molded and machined. 


Speer is pioneering applications of 
carbon where short-time strength is 
required at elevated temperatures. 
Perhaps we can share our know-how 
with you. 


Bradford, Orval M., Jr., B. of Ae.E,, 
Flight Test Engr., North American Avia. 
tion, Inc. (Columbus). 

Brown, Robert A. W., B.S., Design 
Engr., McDonnell Aircraft Corp. 

Browne, William B., B. of M.E. (Aero.), 
Jr. Test Engr., U.S. Naval Air Turbine 
Test Station. 

Campbell, David H., M.S. in Aero, 
Aerodynamicist ‘‘B,’”’ Lockheed Aircraft 
Corp. (Burbank). 

Chrusciel, Gerald T., B.S. in Ae.E, 
Assoc. Engr.—Aerodynamics, Lockheed 
Aircraft Corp. (Burbank). 

Clauss, John S., Jr., M.S., Aerody- 
namicist, Lockheed Aircraft Corp. (Bur- 
bank). 

Croome, Harry, B.S., Jr. Engr., Engrg. 
Test Lab., Plant #1, Convair, San Diego, 
A Div. of General Dynamics Corp. 

Davis, Richard L., B.S., Aerodynamics 
Engr., Fairchild Aircraft Div. of Fair- 
child Engine & Airplane Corp. 

Davison, Paul H., B. of Ae.E., Engr— 
Aerodynamics, North American Aviation, 
Inc. (Columbus). 

Ernst, Thomas E., B. of Ae.E., Assoc, 
Aero. Engr., Lockheed Aircraft Corp. (Bur. 
bank). 

Fehrman, Alvin L., M.S. in Aero. & 
Ae.E. Jet Propulsion, Capt., USAF: 
Instructor, USAF Institute of Technology, 
Wright-Patterson AFB. 

Feldman, Saul, Ph.D. in M.E., Re 
search Engr.—Aerodynamics, Research 
Labs., Avco Manufacturing Co. 

Fernandes, Raymond H., Jr. Struct. 
Engr., North American Aviation, Ine. 
(Los Angeles). 

Fritz, Donald C., B.S.A.E. 

Garland, Benjamine J., B. of Ae.E., Re- 
search Intern, NACA, Langley AFB. 

Gay, Clarence C., Jr., B.S., Assoc. 
Engr.—Struct. Design, Lockheed  Air- 
craft Corp. (Burbank). 

Geer, Richard L., B. of Engrg., Jr 
Engr. “A,” Engrg. Group, Boeing Air- 
plane Co. (Seattle). 

Gilley, George C., Flight Test Analyst, 
Northrop Aircraft, Inc. 

Grassan, George D., B.S. in Air Trans- 
portation Engrg., 2nd Lt. & Student 
Pilot, USAF. 

Greever, Robert S., B. of Ae.E., Prod- 
uct Engr.—Performance, Design, The 
Sperry Farragut Co. 

Gregory, Donald P., B.S., Jr. Analyti- 
cal Engr., Pratt & Whitney Aircraft 
Div., United Aircraft Corp 

Gross, Donald L., Ens., USN. 

Hankes, Norris J., B.S., Capt., USAF; 
Aero. Engr.—Test, AF Flight Test Cen- 
ter, Edwards AFB. 

Heffron, James, Jr., B.S.A.E., Aero- 
dynamicist, Beech Aircraft Corp. 

Huebner, Danny F., B. of Ae.E., Aero- 
dynamic Devel. Engr., Co-Op Wind 
Tunnel, California Institute of Tech- 
nology. 

Hunter, John S., BS. in AeE, 
Trainee—Product Design Engrg., Good- 
year Aircraft Corp. 

Hutchens, Bob J., B.S. in Ae.E., Aero 
dynamics Engr., North American Avia- 
tion, Inc. (Los Angeles) 

Jali, Richard M., B.S., Aero. Engr. 
Douglas Aircraft Co., Inc. (El Segundo). 

Jarvinen, Philip O., B.S. in Engrg 


MARMi 


100 
* 
wer 
St. Marys, Pa. 
<4 at 4 ud 
- 


Ae.E,, 
Avia- 


Design 


Aero.), 
‘urbine 


Acro., 
ircraft 


Ae.E,, 
ckheed 


.erody- 
(Bur- 


Engrg. 
Diego, 


namics 
f Fair- 


tngr.— 
viation, 


Assoc, 
(Bur- 


‘ero. & 
USAF; 
nology, 


E., Re- 
esearch 


Struct. 
nm, Ine. 


Assoc. 
Air- 


rg., Jr 
ing Air- 


Analyst, 


r Trans- 
Student 


»., Prod- 
n, The 


Analyti- 
Aircraft 


, USAF; 
est Cen- 


, Aero- 


E., Aero- 
p Wind 


Tech- 


Good- 


E., Aero- 
an Avia- 


>. Engr. 
rundo). 


AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 1955 


Marman Couplings Simplify 


Manifold Installation on Lockheed T2V1 Trainer 


The advantages of Marman stainless steel 
clamps and couplings in simplifying engine 
and air frame installations are demonstrated 
on Lockheed’s T2V1 jet trainer. 


The picture above shows how Marman channel 
band clamps connect the aluminum manifold 
to the J33 engine. Installation time is greatly 


A SUBSIDIARY OF - 


\eroquip 


reduced. And, Marman V-band couplings and 
C15 hot air joints are used to couple the mani- 
fold to bleed off ducts. 


Let the time-saving, money-saving advantages 
of Marman clamps, straps and couplings 
simplify your fastening and joining problems. 
Write today for full information. 


PRODUCTS COMPANY, INC. 


CORPORATION 


11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 
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MARMAN PRODUCTS ARE MANUFACTURED UNDER VARIOUS U.S. AND FOREIGN PATENTS AND OTHER PATENTS PENDING 
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Aerodynamics 


Boundary Layer 


Approximate Solutions of the Incom- 
pressible Laminar Boundary-Layer Equa- 
tions for a Flat Plate in a Shear Flow. 
K. T. Yen. J. Aero. Sci., Oct., 1955, pp. 
728-730. 

Contributions on the Mechanics of 
Boundary-Layer Transition. G. B. Schu- 
bauer and P. S. Klebanoff. U.S., NACA 
TN 3489, Sept., 1955. 31 pp. Hot-wire 
investigation of the transition process be- 
tween laminar and turbulent flow for a 
flat plate at wind speeds below 100 feet 
per sec., with results derived from os- 
cillograms of velocity fluctuations in the 
transition region. 

Effects of Sweep and Angle of Attack on 
Boundary-Layer Transition on Wings at 
Mach Number 4.04. Robert W. Dun- 
ning and Edward F. Ulmann. U-.S., 
NACA TN 3473, Aug., 1955. 31 pp. 13 
refs. 

An Experimental Investigation of Re- 
gions of Separated Laminar Flow. Ap- 
pendix A—Determination of the Transi- 
tion Point from Experimental Pressure 
Distributions. Donald E. Gault. U-.S., 
NACA TN 33505, Sept., 1955. 65pp. 23 
refs. Measurements to define the char- 
acteristics of ‘‘bubble’’ formation for a 
wide range of Reynolds Numbers and 
pressure gradients, using total- and static- 
pressure surveys, hot-wire anemometer 
observations, and detailed pressure-dis- 
tribution and liquid-film calculations in 
regions of separated flow on two airfoils. 

Integration of the Boundary-Layer 
Equations for a Plane in Compressible 
Flow with Heat Transfer. D. Meksyn. 
Proc. Royal Soc. (London), Ser. A, Aug. 
22, 1955, pp. 274-280. 

Reversal of Skin-Friction and Heat- 
Transfer Trends in High-Speed Laminar 
Flows. George M. Low. J. Aero. Sci., 
Oct., 1955, pp. 721, 722. 

Theoretical and Experimental Investiga- 
tions [of] Mass Transfer Cooling; Flow 
Equations for Multicomponent Fluid Sys- 
tems. I—General Flow Equations for 
Multicomponent Fluid Systems. II—Flat 
Plate, Binary, Compressible Flow Bound- 
ary Layer Equations. Newman A. Hall. 
U. Minn. Inst. Tech. Dept. Mech. Eng. 
Dept. TR 2, Aug. 22, 1955. 33 pp. 
USAF-sponsored investigation. 

Variation of Boundary-Layer Transi- 
tion with Heat Transfer on Two Bodies of 
Revolution at Mach Number of 3.12. 
John R. Jack and N. S. Diaconis. U.S., 
NACA TN 3562, Sept., 1955. 16 pp. 

Boundary-Layer Control for High Lift 
by Suction at the Leading-Edge of a 40 
deg Swept-Back Wing. E. D. Poppelton. 
Gt. Brit., ARC R&M 2897 (Oct., 1951), 
1955. 38 pp. BIS, New York. $2.25. 

The Boundary Layer with Distributed 
Suction. M. R. Head. Gt. Brit., ARC 
R&M 2783 (Apr., 1951), 1955. 100 pp. 
31 refs. BIS, New York. $5.75. Experi- 
ments performed in flight at 3 X 10° Rey- 
nolds Numbers to determine the stabiliz- 
ing effects of suction. 

An Experimental Investigation of the 
Boundary Layer on a Porous Circular 
Cylinder. D.G. Hurley and B. Thwaites. 
Gt. Brit., ARC R@&M 2829 (July, 1951), 
1955. 14 pp. BIS, New York. $1.00. 


Test of the Thwaites approximate theory 
for calculation of the momentum thick- 
ness of the laminar boundary layer under 
the stabilizing conditions of continuous 
suction. 

Wind-Tunnel Tests on the NACA 
63A009 Aerofoil with Distributed Suction 
Over the Nose. N. Gregory and W. S. 
Walker. Gt. Brit., ARC R&M 2900 (Sept., 
1952), 1955. 17 pp. BIS, New York. 
$1.25. 


Control Surfaces 


Two-Dimensional Control Characteris- 
tics. L. W. Bryant, A. S. Halliday, and 
A.S. Batson. Gt. Brit., 4RC R&M 2730 
(Apr., 1950), 1955. 47 pp. 19 refs. 
BIS, New York. $2.85. Analysis of 
NPL experimental research on lift, pitch- 
ing, and hinge moments of airfoils with 
plain flaps at Reynolds Number of ap- 
proximately 10°. 

Theoretical Analyses to Determine Un- 
balanced Trailing-Edge Controls Having 
Minimum Hinge Moments Due to De- 
flection at Supersonic Speeds. Kennith 
L. Goin U.S., NACA RM L51F19, 
1952.) U.S.. NACA TN 3471, Aug., 
1955. 


52 pp 


Fluid Mechanics & Aerodynamic Theory 


Analytical Treatment of Two-Dimen- 
sional Supersonic Flow. I—Shock Free 
Flow. R. E. Meyer and J. J. Mahony 
Australia, ARL Rep. A.93, Apr., 1955. 
64 pp. 29 refs. Approximate solution 
for the general wave-interaction problem 
of steady irrotational, homentropic flow 
of a perfect gas, with calculation using 
Riemann functions of the pressure dis- 
tribution in the first interaction region of a 
jet expanding from a perfect nozzle. 

Free-Spinning-Tunnel Investigation of 
Gyroscopic Effects of Jet-Engine Ro- 
tating Parts (Or of Rotating Propellers) 
on Spin and Spin Recovery. James S. 
Bowman, Jr. U.S... NACA TN 3480, 
Aug., 1955. 21 pp. Tests at basic and 
alternate loadings on the fuselage and 
wings using a military attack model air- 
plane, with the angular momentum simu- 
lated on the model by a rotating flywheel. 

High-Speed Rotating Cylinder for Rare- 
fied Gas Dynamics Research. G. J. 
Maslach and J. Frisch. Rev. Sci. Instr., 
Aug., 1955, pp. 751-754. 10 refs. Ex- 
perimental development at the U. of 
Calif. to determine slip coefficients for 
gas-surface combinations and nonuniform 
characteristics of flow conditions of high- 
altitude supersonic flight problems. 

A Study of Hypersonic Small-Disturb- 
ance Theory. Milton D. Van Dyke. 


(U.S., NACA TN 3173, 1954.) U-S., 
NACA Rep. 1194, 1954. 21 pp. 39 refs. 
Supt. of Doc., Wash. $0.25. 


Determinaera Circulatiei Pentru o Aripa 
in Prezenta Unui Suflu Axial de Sectiune 
Circulara (La Détermination de la Cir- 
culation pour l’Aile en Présence d’un 
Souffle Axial de Section Circulaire). 
T.Oroveanu. Rumania, Acad. Rumanian 
People’s Rep., Inst. Appl. Mech., Studies 
& Res. in Appl. Mech., July-Dec., 1954, 
pp. 307-313. In Rumanian. Determina- 
tion of the flow around an airfoil subjected 
to propeller slipstream of axial circular 
cross section. 
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associated with top engineers 
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= 


F4D ‘*SKYRAY" Only carrier 
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C-124 ‘‘'GLOBEMASTER" 
World's largest production transport 


NIKE Supersonic missile selected to 
protect our cities 


“SKYROCKET” First airplane 
to fly twice the speed of sound 


A3D ‘‘SKYWARRIOR" Largest > 


carrier-based bomber 


A4D “SKYHAWK” Smallest, 
lightest atom bomb carrier 


B-66 Speedy, versatile jet bomber 


With its airplanes bracketing 
the field from the largest per- 
sonnel and cargo transports 
to the smallest combat types, 
and a broad variety of mis- 
siles, Douglas offers the engi- 
neer and scientist unequalled 
job security, and the greatest 
opportunity for advancement. 


For further information relative 
to employment opportunities at 
the Santa Monica, El Segundo 
and Long Beach, California, divi- 
sions and the Tulsa, Oklahoma, 
division, write today to: 
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PRACTICAL REPLY: The fastest 


in naval hi 


— the DOUGLAS F4D Skyray 


Cut loose the power of a Douglas F4D 
Skyray, and this fast Navy jet climbs 
from its carrier to operational altitudes 
in “nothing flat.” 

Its extremely high rate of climb makes 
Skyray—holder of the official F.A.I. sea- 
level speed record—well adapted for assign- 


Be a Naval Flier—write to Nav Cad, Washington 25, D. C. 


Depend on DOUGLAS 


ments of positive interception. Designed 
for the U. S. Navy, it is powered by a 
Pratt & Whitney J-57 engine with after- 
burner and carries an armament of can- 
nons and rockets. Agile as well as fast, 
Skyray’s low landing speeds permit nor- 
mal operation from any aircraft carrier 


now in service . . . for unlimited fleet duty. 

Skill in design which produced top-per- 
forming Skyray is a big reason for Douglas 
leadership in aviation. And it is the force 
behind the major trend to simplify air- 
craft, build more plane per pound, or per 
defense dollar. 


First in Aviation 
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The Effect of Sting Supports on the Base 
Pressure of a Blunt-Based Body in Super- 


sonic Stream. I. S. Donaldson. Aero. 
Quart., Aug., 1955, pp. 221-229. Experi- 


ments on models at Mach Number 1.994. 
Ein Quadraturverfahren zur Berechnung 
der Reibungsschicht an axial angestrém- 


ten rotierenden Drehkérpern. E. Truck- 
enbrodt. Ing.-Arch., No. 1, 1954, pp. 
21-35. 14 refs. In German. A squar- 


ing method to compute the frictional 
forces on rotating bodies revolving in 


axially directed flows under laminar or 
turbulent conditions. 

A Family of Plane Compressible Flows 
Past a Certain Semi-Infinite Body. A. 
Phys., July, 


R. Manwell. J. 
1955, pp. 113-118. 


Math. 


HEAT 


is 


COLONIAL RUBBER CO. 


AERONAUTICAL 


COLD RESISTANCE 


On Boattail Bodies of Revolution Having 
Minimum Wave Drag. Appendix A— 
Application of Calculus of Variations to 
Ward’s Drag Equation. Appendix B— 
Application of Calculus of Variations to 
Parker’s Drag Equation. Keith C. Har- 
der and Conrad Rennemann, Jr. U-.S., 
NACA TN 3478, Aug., 1955. 28 pp. 

On the Descent of Winged Orbital Ve- 
hicles. Kraft A. Ehricke. Astronautica 
Acta, Fasc. 3, 1955, pp. 137-155. 16 
refs. Analysis of the flight conditions on 
the basis of a lift parameter defined as 
the ratio of lift coefficient to lifting area 
load, in terms of flow over a flat plate at 
zero angle of attack, taking into account 
the free stream Reynolds and Mach Num- 
bers, slip and continuum flow factors, hy- 


RUBBER 


can meet your 


"TOUGHEST" aircratt 


parts requirements 


We Regularly Compound and Mold 
Silicone Rubber Parts For: 


RESISTANCE 


elongation 


Colonial Rubber Company can compound 
versatile silicone rubber to obtain virtually 
any property, or combination of properties 
the aircraft industry may require of a 
rubber part. If your rubber parts problem 


one of compound development, parts 


production or both, contact us. We have a 
4 long background of industrial rubber ex- 
per 

plant facilities to meet your “toughest” 
requirements efficiently, economically and 
dependably. 


ience, plus complete laboratory and 


OUR BROCHURE 


illustrates and gives full details on 
Colonial’s service in custom compound- 
ing and molding of rubber and 
silicone rubber. Write for your copy 
today. No obligation. 
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up to 600°F. 
———down to —100°F. 
CHEMICAL RESISTANCE — over 600°F. range 
DIELECTRIC PROPERTIES ———as required 
STRENGTH COMBINATIONS — — tear, tensile, 


1935 


personic shock wave and boundary-layer 
interaction, stagnation temperature, and 
the theroretical boundary-layer stability 
conditions of Lees, Lin, and Van Driest. 

The Theoretical Wave Drag of Some 
Bodies of Revolution. L. E. Fraenkel. 
Gt. Brit., ARC R@M 2842 (May, 1951), 
1955. 26 pp. BIS, New York. $1.60. 
Application of the Lighthill theory to 
profiles of straight or parabolic arcs. 

An Existence and Uniqueness Theorem 
for Unsteady One-Dimensional Anisen- 
tropic Flow. M. H. Martin. Commun. 
on Pure & Appl. Math., Aug., 1955, pp. 
367-370. Army-supported study for the 
case of flows behind a shock traveling down 
a shock tube after decay 

An Experimental Study of a Spiral Vor- 
tex Formed by Shock-Wave Diffraction. 
Appendix A—The Steady Compressible 
Potential Spiral. Appendix B—Evalua- 
tion of Interferograms with an Estimation 
of the Errors Involved. H. F. Waldron. 


U. Toronto Inst. Aerophys. TN 2, Sept., 
1954. 49pp. 12refs. 
Geometrical Acoustics. II—Diffrac- 


tion, Reflection, and Refraction of a Weak 
Spherical or Cylindrical Shock at a Plane 
Interface. K.O. Friedrichs and Joseph B. 
Keller. J. Appl. Phys., Aug., 1955, pp. 
961-966. 10 refs. Results of research 
investigations at NYU Inst. of Math. Sci. 

On the Reflection of Shock Waves from 
an Open End of a Duct. George Rud- 


inger. J. Appl. Phys., Aug., 1955, pp. 
981-993. 25 refs. USAF-ONR-Army- 
sponsored theoretical and experimental 


investigation at Cornell Aero. Lab. using 
shock-tube techniques and acoustic theory 
principles. 

Similarity Solution for a Spherical 
Shock Wave. Richard Latter. J. Appl. 
Phys., Aug., 1955, pp. 954-960. Solution 
tor a point-source spherical shock flow, 
with a quantitative estimate of the in- 
fluence of viscosity on the flow field, taking 
into account the Richtmyer-von Neumann 
calculations. 

Weak Detonations and Condensation 
Shocks. W.H. Heybey and S. G. Reed, 
Jr. J. Appl. Phys., Aug., 1955, pp. 969- 
974. 22 refs. Analysis of the kinematic 
features and physical aspects of irreversible 
rapid condensation processes in supersonic 
one-dimensional flow, with a comparison 
of the Friedrichs conditions for the ex- 
istence of weak detonations. 


Internal’ Flow 


Beitrag zur Potentialstré6mung durch 
radiale Schaufelgitter. W.H.Isay. In- 
gen.-Arch., No. 3, 1954, pp. 203-210. In 
German. Analysis of potential flow 
through a radial blade grid using 
singularity method, with a determination 
of the circulation distribution on the profile 
contour. 

Uber spezielle Systeme von Tragfliigel- 


gittern. I—Theorie der tragenden Linie. 
II—Theorie der diinnen Profile. K. 
Nickel. Ingen.-Arch., Nos. 2, 2, 1954, 


1955, pp. 108-120, 102-118. In German. 
On special systems of airfoil cascades, with 
analyses of factors related to the lifting- 
line and thin-profile theories to extend 
the Riegel-Truckenbrodt formulas to the 
problem of infinite numbers of cascades. 
An Examination of the Flow and Pres- 
sure Losses in Blade Rows of Axial-Flow 
Turbines. D. G. Ainley and G. C. R. 
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your Servo Valve problems. Bendix Aviation Corporation 
NORTH HOLLYWOOD. CALIF. 
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BENDIX-PACIFIC 


ON 


HYDRAULIC SERVO VALVES 


GREATER NULL SHIFT STABILITY AT WIDER TEMPERATURE RANGES WITH EXCEPTIONAL RELIABILITY 


EAST COAST OFFICE: 475 Sth AVE., N.Y. 17* DAYTON, OHIO—1207 AMERICAN BLDG., DAYTON 2, OHIO * WASHINGTON, D.C.-SUITE 803, 1701 “K’’ ST., N.W. 
CANADIAN DISTRIBUTORS: AVIATION ELECTRIC, LTD., MONTREAL 9 * EXPORT DIVISION: BENDIX INTERNATIONAL, 205 E. 42nd ST., NEW YORK 17 
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=” #28430 Mofor Driven Hydraulic Pump 
Patent Pending 


ARROW INDICATES 


Boss PER AND 10080 ROTATION OF 
MP DRIVE SHAFT 
0.0. TUBING INLET PORT PU OUTLET PORT 


2.18 NF.3 THD 
PER AND 10050 i- 


PUMP ASSY | MOTOR DRIVEN 
NAMEPLATE | PUMP UNIT 


J are g NAMEPLATE Ty 


44-20 NF-3 THD 
PER AND 10050 


2.500 5} 


C//\ HIGH PRESSURE, MOTOR DRIVEN 
HYDRAULIC PUMP... 


A completely ADEL engineered unit now in production 
for a current aircraft application. 


... requires 25% less amperage and effects a 
weight reduction of over 30%. 


SPECIFICATIONS 


1 RATED CAPACITY: 0.5 gpm. 
2 RATED PRESSURE: 3000 psi. 
3 PROOF PRESSURE: 3750 psi. 
4 DUTY CYCLE: Per requirements. 
5 AMBIENT TEMP. RANGE: —75°F to +-160°F. 
6 AMBIENT ALTITUDE: Sea level to 60,000 ft. 
7 FLUID: Aircraft hydraulic fluid, MIL-0-5606. 
8 ELECTRIC MOTOR 
ELECTRICAL RATING: 200 VAC—400 cycles—3 phase. 
RADIO NOISE: Per requirements. 
CURRENT DRAIN: 9 amperes max. at rated 


pressure and voltage. 30 amperes max. 
inrush with locked rotor. 


9 WEIGHT: 9.50 Ibs. 


ADEL DESIGNS AND 
MANUFACTURES AIRCRAFT 
EQUIPMENT IN THE 
FOLLOWING MAJOR 
CATEGORIES: Hydraulic 

and Pneumatic Control 
Equipment; Heater, Anti-Icing 
and Fuel System Equipment; 
Engine Accessories and 

Line Supports. 

For complete engineering 
specifications and counsel address: 
ADEL DIVISION, GENERAL METALS 
CORPORATION, 10779 Van Owen 
Street, Burbank, California 


DIVISION OF GENERAL METALS CORPORATION * BURBANK, CALIF. * HUNTINGTON, W. VA. 


“ANADIAN REPRESENTATIVE: RAILWAY & POWER ENGINEERING CORPORATION, LIMITED. 
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Mathieson. Gt. Brit., ARC R&M 2891 
(Mar., 1951), 1955. 33 pp. 48 refs. 
BIS, New York. $2.00. Analysis in- 
cludes a determination of the separate in- 
fluences of variables, such as blade shape 
and spacing, gas Mach Number, Reynolds 
Number, and incidetice, and of the effects 
of secondary flow losses. 

Problems of Supersonic Axial Compres- 
sors. E. Schnell. (A/7Z, Stuttgart, 
Feb., 1955, pp. 42-46.) Engr. Dig., Aug., 
1955, pp. 371-374. Analysis of the flow 
phenomena in supersonic diffusers, with a 
description of four basic designs classified 
according to the position in the compressor 
at which the supersonic velocity occurs. 

Acoustic Radiation from Two-Dimen- 
sional Rectangular Cutouts in Aerody- 
namic Surfaces. K.Krishnamurty. U.S., 
NACA TN 3487, Aug., 1955. 33 pp. 
GALCIT analysis of the problem for low- 
and high-speed flows past cavities in solid 
boundaries based on schlieren, interfero- 
metric, and hot-wire anemometer observa- 
tions. 

Compressible Subsonic Flow in Two- 
Dimensional Channels. I-—Basic Mathe- 
matical Theory. L. C. Woods. Aero. 
Quart., Aug., 1955, pp. 205-220. Method 
of solution based on conformal mapping 
for the case of flow between curved walls 
or between walls subjected continuously 
to varying pressures. 

The Reflection and Transmission of 
Pressure Disturbances at Area Changes in 
Infinite Ducts. Appendix I—Sample Cal- 
culation for a Pulse Moving Downstream 
to an Area Change Inside an Infinite 
Duct. Appendix II—Numerical Energy 
Check. M.V. Nesbitt. Gt. Brit., NGTE 
Memo. M.198, Feb., 1954. 99 pp. 

Some Measurements of Flow in a Rec- 
tangular Cutout. Anatol Roshko. U.S., 
NACA TN 3488, Aug., 1955. 21 pp. 
Pressure and velocity flow measurements 
for a slot in the floor of a GALCIT wind 
tunnel. 

The Atomization of Liquids. I. H. A. 
Troesch. (ETH, Zurich, Thesis No. 2266, 
1954). Engr. Dig., Aug., 1955, pp. 367- 
370. 14 refs. Analysis of centrifuging 
and velocity atomizer designs and of the 
characteristic conditions of liquid-jet 
breakup. 

Criterions for Prediction and Control of 
Ram-Jet Flow Pulsations. William H. 
Sterbentz and John C. Evvard. (U.S., 
NACA RM E51C27,1951.) U.S., NACA 
TN 3506, Aug., 1955. 60 pp. 10 refs. 
Theoretical and experimental analysis of 
the resonance properties with and without 
heat addition based on the principles of 
conservation of mass, momentum, and 
energy theories. 

Design and Testing of an Axisymmetric 
Flow Nozzle for Mach Number Seven. 
K. R. Enkenhus and Norman B. Tucker. 
U. Toronto Inst. Aerophys. TN 4, Jan., 
1955. 67 pp. 11 refs. Results ef wind- 
tunnel tests to determine flow character- 
istics, with an analysis of the theoretical 
basis of the design. 

Zur Thermodynamik des Uberschall- 
Geradstossdiffusors. E. Singer. Jn- 
gen.-Arch., No. 6, 1954, pp. 378-399. 


92 


23 refs. In German. Theoretical in- 


vestigation of heat- and gas-dynamics 
problems of supersonic parallel-shock dif- 
fusers for flows of constant compression. 


110 AERONAUTICAL Ei 
E 
: 
| 
\ 
| 
be 
23 MOTOR PLUG-3 PLCS 
i | assy AN6290.4 GASKET 
132 266 DIA-THRU | 
| 4 HOLES ‘ 
9 


2891 
3 refs. 
sis in- 
rate in- 
e shape 
evnolds 
- effects 


ympres- 
ittgart, 
. Aug., 
he flow 
a 
lassified 
Ipressor 
curs 
Dimen- 
Aerody- 
33 pp. 
for low- 
in solid 
iterfero- 
»bserva- 


n Two- 
Mathe- 

Aero. 
Method 
napping 
ed walls 
inuously 


ssion of 
anges in 
iple Cal- 
mstream 

Infinite 

Energy 
NGTE 


na Rec- 

21 pp. 
irements 
‘IT wind 


H. A. 
Vo. 2266, 
pp. 367 
trifuging 
id of the 
liquid-jet 


-ontrol of 
lliam H. 
NACA 

10 refs. 
1alysis of 
1 without 
iciples of 
um, and 


ymmetric 
Seven. 
. Tucker. 
4, Jan., 
of wind- 
*haracter- 
heoretical 


beischall- 
ser. In- 
378-399 
etical in- 
dynamics 
shock dif- 


npression, 


OPINDOC 


Combine the experience and confidence of a battle-trained 
jet ace, the scientific approach of a test pilot and up-to-the- 
minute knowledge of what makes a Scorpion F-89D 
interceptor “tick” and you have the Northrop Operational 
Indoctrination man. “Opindoc” men are among the many 
types of Northrop field specialists who work with Air Force 
pilots and technicians to develop peak tactical superiority 
for the rocket-armed Northrop Scorpions which now form 
our first line of defense against enemy air aggression. Their 
counsel is an important part of weapons system engineering 
at Northrop Aircraft. Northrop is producing the famous 
Scorpion F-89 series; a new intercontinental A-bomb 
carrier, the Northrop Snark SM-62 pilotless bomber; 
and many other closely -guarded weapons for America’s 
arsenal of defense. In accomplishing such strategic 
objectives Northrop has, since 1939, led the world in the 
design and production of all-weather and pilotless aircraft. 


NORTHROP 


NORTHROP AIRCRAFT, INC. © HAWTHORNE, CALIFORNIA 


Pioneer Builders of All Weather and Pilotless Aircraft 
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isentropic subsonic, and adiabatic condi- 
tions, taking into account temperature, 
pressure, and velocity changes, maximum 
diffuser boundaries, thrust values, flow 
and flight Mach Numbers, area ratios, and 
efficiency factors. 


Performance 


Optimum Climbing Technique for a 
Rocket-Powered Aircraft. Appendix A— 
Proof of the Minimal Character of the 
Path 1MN2. Appendix B.... Appendix 
C—Supersonic Climb. Angelo Miele. 
Jet Propulsion, Aug., 1955, pp. 385-391, 
399. 17 refs. 


Stability & Control 


A Criterion for the Prediction of the 
Recovery Characteristics of Spinning Air- 
craft. T. H. Kerr. Gt. Brit., ARC CP 
195 (Aug., 1953), 1955. 23 pp., folded 
table. BIS, New York. $0.65. A simple 
method to estimate the unbalanced rolling 
moment coefficient knowing only the shape 
of the aircraft. 

Low-Speed Tunnel Model Tests on 
Tailplane Rolling Moments in Sideslip. 
A. Spence, J. W. Leathers, and D. A. 


Kirby. Gt. Brit., ARC R&M 2941 (Oct., 
1951), 1955. 20 pp. BIS, New York. 
$1.25. 


Model Tests on the Effects of Slipstream 
on the Flow at Various Tailplane Positions 
on a Four-Engined Aircraft. I—Tests 
with Contra-Rotating Propellers. D. E. 
Hartley, A. Spence, and D. A. Kirby. 
II—Tests with Single Rotating Propellers. 
D. A. Kirby. Gt. Brit., ARC R@M 2747 
(Mar., 1951), 1955. 37 pp. BIS, New 
York. $2.25. Wind-tunnel tests to ob- 
tain data to improve methods for pre- 
dicting longitudinal stability criteria, 
with results given in the form of changes 
in mean downwash angle and velocity at 
the tailplane. 


Wings & Airfoils 


A Critique of Shock-Expansion Theory. 
J. J. Mahony. J. Aero. Sci., Oct., 1955, 
pp. 673-680, 720. Investigation of the 
bases for applying the shock-expansion 
theory to the calculation of the pressure 
distribution on a thin sharp-nosed two- 
dimensional airfoil in a supersonic stream 
to determine the extent of error at high 
Mach Numbers in terms of the funda- 
mental unsteady motion problem. 

Detailed Observations made at High 
Incidences and at High-Subsonic Mach 
Numbers on Goldstein 1442/1547 Aero- 
foil. H. H. Pearcey and M. E. Faber. 
Gt. Brit., ARC R&M 2849 (Nov., 1950), 
1954. 52 pp. 29 refs. BIS, New York. 
$3.15. 

Flaps, Slots and Other High Lift Aids; 
Some Reflections on Various Devices 
Adopted to Increase Maximum Lift. 
T. R. Nonweiler. Aircraft Eng., Sept., 
1955, pp. 274-286. Analysis includes 
factors concerned with the stall of airfoils, 
tandem and auxiliary wings, flap designs, 
unswept and sweptback plan forms, aspect 
ratio, vortex generators, and external 
power-assisted devices. 

Lifting Pressure on Delta Wings with 
Subsonic Leading Edges, Symmetrical 
Plan Form, and Discontinuous Slope. 
Paul G. Kafka. J. Aero. Sci., Oct., 1955, 


pp. 725, 726. 


Measurements of the Effect of Finite 
Span on the Pressure Distribution Over 
Double-Wedge Wings at Mach Numbers 
Near Shock Attachment. Walter G. 
Vincenti. U.S., NACA TN 3522, Sept., 
1955. S5O0pp. 18refs. 

Methods for Calculating the Lift Dis- 
tribution of Wings (Subsonic Lifting-Sur- 
face Theory). H. Multhopp. Gt. Brit., 
ARC R@&M 2884 (Jan., 1950), 1955. 96 
pp. 18refs. BIS, New York. $5.75. 

Simple Evaluation of the Theoretical 
Lift Slope and Aerodynamic Centre of 
Symmetrical Aerofoils. H. C. Garner. 
Gt. Brit. ARC R&M 2847 (Oct., 1951), 
1955. 20 pp. 11 refs. BIS, New York. 
$1.25 

Rezistenta Aripilor Triunghiulare Dub- 
luconice, cu Panta Variabila, in Curent 
Supersonic (Trainée d’Ailes Triangulaires 
Coniques 4 Pente Variable, en Régime 
Supersonique). E. Carafoli and M. Io- 
nescu. Rumania, Acad. Rumanian 
People’s Rep., Inst. Appl. Mech., Studies 
& Res. in Appl. Mech., July-Dec., 1954, 
pp. 285-305. In Rumanian. Study of 
the wake problem for doubly conical, 
triangular wings of symmetrical thickness 
in supersonic flow. 

Some Applications of the Lamé Func- 
tion Solutions of the Linearised Super- 
sonic Flow Equations. I—Finite Swept- 
back Wings with Symmetrical Sections 
and Rounded Leading Edges. II—Cam- 
bered and Twisted Wings. G. M. Roper. 
Gt. Brit., ARC R&M 2865 (Aug., 1951), 
1955. 42 pp. BIS, New York. $2.50. 


Aeroelasticity 


Aerodynamic Flutter Derivatives for a 
Flexible Wing with Supersonic and Sub- 
sonic Edges. Samuel Pines, John Dug- 
undji, and Joseph Neuringer. J. Aero. 
Sct., Oct., 1955, pp. 693-700. 13 refs. 
Development of a box method to obtain 
the generalized air forces on oscillating 
supersonic flexible wings. 

Flutter and Resonance Characteristics 
of a Model Cantilever Wing Carrying 
Localised Masses. N. C. Lambourne. 
Gt. Brit., ARC R&M 2866 (Apr., 1951, 
1955. 25 pp. 15refs. BIS, New York. 
$1.60. Classification of distortion modes 
into normal mode components, with a 
correlation of the flutter and resonance 
phenomena using the Kiissner criterion. 

The Influence of the Chord-, Span-, and 
Gear Ratios on Binary Aileron-Springtab 
Fluiter. A. C. A. Bosschaart. Nether- 
lands, NLL Rep. F. 166, Feb. 4, 1955. 
60 pp., folded chart. 

Some Series Developments in Unsteady 
Aerodynamics. Peter F. Jordan. J. 
Aero. Sci., Oct., 1955, pp. 722-724. 
Power-series representations for sonic 
and supersonic ranges, as in flutter calcula- 
tions. 

An Analysis of Acceleration, Airspeed, 
and Gust-Velocity Data From a Four- 
Engine Transport Airplane in Operations 
on an Eastern United States Route. 
Thomas L. Coleman and Mary W. Fetner. 
U.S., NACA TN 3483, Sept., 1955. 20 
pp. VGH time-history data on the gust- 
load problem 

Analysis of the Horizontal-Tail Loads 
Measured in Flight on a Multiengine Jet 
Bomber. William S. Aiken, Jr., and 


Bernard Wiener. U.S., NACA TN 3479, 
Sept., 1955. 69 pp. Includes factors re- 
lated to the effect of fuselage flexibility on 
the airplane motion. 

The Atmosphere and Aeronautics. F. 
H. Hooke. Aircraft (Australia), July, 
1955, pp. 20-238, 52. Review of research 
on gust loads, their characteristics at high 
altitudes, and the effects on aircraft per- 
formance. 

Gust-Tunnel Investigation of the Effect 
of a Sharp-Edge Gust on the Flapwise 
Blade Bending Moment of a Model 
Helicopter Rotor. Domenic J. Maglieri 
and Thomas D. Reisert. U.S., NACA 
TN 3470, Aug., 1955. 24 pp. 

The Influence of Aeroplane Character- 
istics on the Response to Gusts of Various 
Forms. I—The Rigid Aeroplane. II— 
The Flexible Aeroplane. F. H. Hooke. 
(Australia, ARL Rep. SM. 144, Dec., 
1949; SM. 170, Aug., 1951.) Australia, 
Aero. Res. Consultative Comm. Rep. AC A- 
54, Aug., 1954. 35 pp. 23 refs. Inves- 
tigation of the dynamic behavior in 
terms of varying nondimcnsional param- 
eters related to changing altitude, wing 
loading, wing natural frequency, flexural 
motion, and aircraft response. 

A Reevaluation of Gust-Load Statistics 
for Applications in Spectral Calculations. 
Harry Pressand May T. Meadows. U.S., 
NACA TN 3540, Aug., 1955. 19 pp. 
17 refs. 

Bending and Torsional Vibrations of 
Nonuniform Beams. Alfred A. Adler. 
Cornell U. Grad. Sch. Thesis, Sept., 1955. 
51 pp. Investigation into the vibrational 
properties of families of beam shapes of 
rectangular or elliptical cross section using 
the inverse method, with a system of classi- 
fication relating beam parameters and the 
corresponding solutions. 

A Comparison of the Measured and 
Predicted Lateral Oscillatory Character- 
istics of a 35° Swept-Wing Fighter Air- 
plane. Walter E. McNeill and George E. 
Cooper. NACA RM _ A51C28, 
1951.) U.S.. NACA TN 3521, Aug., 
1955. 22 pp. 

Designing to Withstand High-Impact 
Shock. B.F.Langer. Mach. Des., Aug., 
1955, pp. 193-197. Analysis in terms of a 
“design acceleration factor’’ as a function 
of the weight of the part and its natural 
frequency of vibration, with illustrative 
problems for cases of spring-mounted 
members with and without damping. 

The Effect of Pulse Shape on Simple 
Systems Under Impulsive Loading. C. 
E. Crede. Trans. ASME, ‘Aug., 1955, 
pp. 957-961. Vibrational and shock im- 
pact study on elastic structures, with the 
maximum stress defined independently of 
the pulse shape by appropriate selection 
of parameters. 

The Flexural Vibrations of an End- 
Loaded Vertical Strip. R.F.S. Hearmon 
and E. H. Adams. Brit. J. Appl. Phys., 
Aug., 1955, pp. 280-284. Derivation of 
an approximate equation for the fre- 
quency of vibration applying the Rayleigh 
method. 

Impact and Longitudinal Wave Trans- 
mission. E.A.L.Smith. Trans. ASME, 
Aug., 1955, pp. 963-971; Discus- 
sion, pp. 971-973. Development of a 
numerical method applicable to the cal- 
culation of longitudinal vibration prob- 
lems, with friction, damping, coefficient 
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research Hoffman 


LABORATORIES, INC. 


OF HOFFMAN 
ELECTRONICS 


CORPORATION 


development 


INTEGRATED ELECTRONICS 


THE IMAGINATION FOR RESEARCH PLUS 


THE SKILLS FOR PRODUCTION 
design 


Performance in the field is the real test of 
product worth. To maintain Hoffman’s 
reputation for high standards of quality and 
performance, Field Engineers are constantly 

production performing direct, on-the-spot aid in 
installation, operation, and evaluation of 
Hoffman electronic equipment. 


Hoffman Field Engineers are chosen from the 
engineering design and test groups for their 
specialized knowledge and ability. These 
specially trained, specialized engineers carry 
the integrated skills of research, development, 
design, and production into the field... 
wherever Hoffman equipment is being 

used ...on land, air, sea, or undersea. 


NUMBER 4 OF A SERIES 


Typical of the types of projects Hoffman Field 
Engineers are working on, one group is 
presently engaged in conducting field evaluation 
studies at remote air bases on TACAN, the 

most advanced airborne navigation equipment 
yet produced. This field study is being 
coordinated with Hoffman’s production 

of TACAN equipment. 


Radar, Navigational Gear 
Missile Guidance & Control Systems 
Noise Reduction 
Countermeasures (ECM) 
Communications 
Transistor Applications 


CHALLENGING OPPORTUNITIES FOR OUTSTANDING ENGINEERS TO WORK IN AN ATMOSPHERE OF CREATIVE ENGINEERING. 
WRITE THE DIRECTOR OF ENGINEERING, HOFFMAN LABORATORIES, INC., 3761 SOUTH HILL STREET, LOS ANGELES 7, CALIFORNIA. 
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unique clutch actuated 
dual recording milliammeter 


... keeps writing accurately — 
regardless of jolts, tilts or vibra- 
tion! Designed and built by Texas 
Instruments, this ink-writing 
instrument features TI-developed 
high-torque magnetic fluid clutch 
meter movements and exclusive 
enclosed ink system that make it 
ideal for use in moving vehicles 
... aircraft, jeep, truck or boat. 
Thousands of these portable re- 
corders in operation throughout 
the world provide field proof of 
their writing superiority and 
trouble-free operation. 


j 

durable .. . portable . 
dependable 

lightweight — only 15% lb. 
sensitive — one milliampere for 
full scale (4% inch) deflection. 
fast response — 60 milliseconds 
full scale rise time; will respond to 
10 cps. 
eliminates galvanometer — unique 
TI-developed instrument-sized 
magnetic fluid clutches replace 
delicate galvanometer. 
dual channel — two independent 
writing systems and four selective 
chart speeds within one recorder. 


write today for 
bulletin DL-C 400 


® 


TEXAS INSTRUMENTS 


(INCORPORATED 


6000 LEMMON AVE. DALLAS 9, TEXAS 
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of restitution, plastic flow, and gravity 
taken into account 

Iteration in Semidefinite Eigenvalue 
Problems. Appendix—Symmetrical Ex- 
tended Coefficients as a Limiting Case of 
Dynamic Flexibilities. B. M. Fraeys 
de Veubeke Aero. Sci., Oct., 1955, 


pp. 710-720 14 refs. Derivation of 
general rules for setting up iteration ma 
trices yielding convergence towards the 
elastic modes of semidefinite self-adjoint 
vibration problems, with a method to im- 
prove the higher frequency modes ob- 


tained from the lumped mass models pro- 
vided by the application of numerical 
integration and collocation to the integral 
equation. 

On the Analytical Determination of the 
Normal Modes and Frequencies of Swept 
Cantilever Vibrations. Appendix A—Sta- 
tion Functions for Swept Plates. A. H. 
Hall, H. F. L. Pinkney, and Helen A. 
Tulloch. Canada, NAE Rep. 21 (LR-76), 
1953. 41 pp 

On the Use of the Indicial Function 
Concept in the Analysis of Unsteady Mo- 
tions cof Wings and Wing-Tail Combina- 
tions. Appendix A—Response in Lift of 
Two-Dimensional Tail to Two-Dimen- 
sional Vortex System. Appendix B 
Response in Lift of Two-Dimensional, 
Rectangular, and Wide Triangular Tails 
to Two-Dimensional Vortex System—Gust 
Analysis. Appendix C—Response in Lift 
of Apex-Forward and Apex-Rearward 
Wide Triangular Tails to Two-Dimen- 
sional Vortex System. Appendix D— 
Boundary Conditions at the Tail Due to 
Penetration of Velocity Field of Trailing- 
Vortex System. Murray Tobak. U.S., 
NACA Rep. 1188, 1954. 43 pp. 29 refs. 
Supt. of Doc., Wash. $0.40. 

Supersonic Flow Past Oscillating Air- 

foils Including Nonlinear Thickness Ef- 
fects. Milton D. Van Dyke. (U.S, 
NACA TN 2982, 1953.) U.S., NACA 
Rep. 1183, 1954. 17 pp. 22 refs. 
_La Théorie des Profils Minces en 
Ecoulement Non Stationnaire en Fluide 
Incompressible ou Compressible. R. 
Timman. (France, Min. de l’'Air PST 
296, 1955 Netherlands, NLL Rep. MP 
69, 1955. 47 pp. 60 refs. In French. 
Analytical investigation of the three prin- 
cipal methods used in solving problems of 
nonuniform motion of thin wings in a 
compressible or incompressible fluid, with 
a review of the literature covering such 
aspects as harmonic vibrations, wind- 
tunnel corrections for oscillating airfoils, 
propulsion of a flapping wing, and flutter 
at supersonic speeds. 

Vibration Characteristics of a Cantilever 
Plate with Swept-back Leading Edge. 
A. E. Heiba. Coll. of Aeronautics, Cran- 


field, Rep. 82, Oct., 1954. 32 pp. Ex- 


perimental study of natural frequencies 
and modes of vibration on 16 plan forms. 

Zur kinetischen Bestimmung der Kenn- 
linie eines nichtlinearen freien 
Schwingers. H. Kauderer. Ingen.-Arch, 
No. 3, 1954, pp. 215-226. In German. 
A kinetic analysis of the vibration rate for 
a nonlinear tree oscillator in terms of 
time and oscillatory motion parameters, 
with a graphic determination of the mark 
line. 

Zur Erzielung optimaler Wirkung bei 
Pendel-Schwingungstilgern. A. Slibar 
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To the 
ENGINEER 
of high 
ability 


AiResearch is looking for 
your kind of engineer. 
Through the efforts of engineers 
like yourself our company has 
become a leader in many 
outstanding aircraft accessory 
fields. Among them are: 
air-conditioning and 
pressurization, heat transfer, 


pneumatic valves and controls, 
electric and electronic controls, 
and the rapidly expanding 

field of small turbomachinery. 
AiResearch is also applying 
this engineering skill to 

the vitally important missile 
accessory field. 

Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your 
creative talents and offer you 
the opportunity to progress 

by making full use 

of your scientific ability. 
Positions are now open for 
aerodynamicists...mechanical 
engineers... physicists... 
specialists in engineering 
mechanics... electrical engineers 
...electronics engineers. 

For further information write 
today to Mr. Wayne Clifford, 
THE GARRETT CORPORATION 
9851 S. Sepulveda Blvd., 

Los Angeles 45, California. 
Indicate your preference 
as to location between 
Los Angeles and Phoenix. 


CORR 

AiResearch 
Manufacturing 

Divisions 
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Cabin air conditioning 


in one system 


Components of the AiResearch cabin air conditioning 
system work in complete compatibility with one another. Such 
functional inter-relation can best be achieved when all 
such units have been developed and manufactured by one company. 
AiResearch air conditioning systems have been proved by millions 
of hours of operating time. Air conditioning is one of 
many aircraft systems completely engineered and manufactured 
by AiResearch. In the field of integrated aircraft 
systems and specialized components, AiResearch has more 
experience than any other company. 


REFRIGERATION PACKAGE, HEART OF THE 
AIR CONDITIONING SYSTEM 


* Qualified engineers in the fields listed below are needed now. 


Components of the complete system include Write for information. 


refrigeration turbines, heat exchangers, 
water separators, a humidifier system, cabin 
temperature controls, air flow regulators 
and pneumatic air shut-off valves. 


THE CORP 


AiResearch Manufacturing Divisions Los Angeles 45, California « Phoenix, Arizona 


Designers and manufacturers of aircraft systems and components: REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS 
CABIN AIR COMPRESSORS * TURBINE MOTORS * GAS TURBINE ENGINES * CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT * ELECTRO-MECHANICAL EQUIPMENT * ELECTRONIC COMPUTERS AND CONTROLS 
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and k. Desoyer. Ingen.-Arch., No. 1, 
1954, pp. 36-44. 10 refs. In German. 
On the attainment of optimum efficiency 
for pendulum vibration rods; investiga- 
tion of the action and dimensions of a rod 
linked to a rotating mass treated as a 
physical pendulum, with calculations and 
construction of time diagrams of the am- 
plitudes, and with an analysis of the 
characteristics of oscillation absorbers. 


Aeronautics, General 


A Diary of the Fifth International 
Aeronautical Conference. Welman A. 
Shrader. Aero. Eng. Rev., Oct., 1955, 
pp. 40-60, 90. Includes summaries of 
the papers presented at the IAS-RAeS 
Conf., Los Angeles, June 20-July 1, 1955. 


for your product 


out of proper design 
comes the right motor 
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Air Transportation 


The Air Sovereignty Concept and United 
States Influence on Its Future Develop- 
ment. D. Goedhuis. J. Air Law & 
Commerce, Spring, 1955, pp. 209-221. 

The Effect of Regulated Competition on 
the Air Transport Industry. Stuart G. 
Tipton and Stanley Gewirtz. J. Air 
Law & Commerce, Spring, 1955, pp. 157 
191. 21 refs 

Entry of New Carriers Into Domestic 
Trunkline Air Transportation. Hardy K. 
Maclay and William C. Burt. J. Air 
Law & Commerce, Spring, 1955, pp. 131- 


156. 107 refs 

A Reconsideration of Federal Control of 
Entry Into Air Transportation. 
Sheppard Keyes. J. 


Lucile 
Air Law & Com- 


Army tank venti- 
lating blower motor. 


With a Lamb Electric properly designed 


motor you obtain the motor qualities 
which are important to the success of 


your product. 


Exceptional performance and dependa- 
bility are standard with Lamb Electric 
Motors, at no increase in cost, because 
they are “custom tailored” by personnel 
having many years of experience in this 


field. 


We would like to discuss these advantages 
with you for your new and redesigned 


products. 


THE LAMB ELECTRIC COMPANY 
KENT, OHIO 


In Canada: Lamb Electric — Division of 


pany Ltd. — Leaside, Ontario 


Elecliic 


P 
reactionat norscrowcn MOTORS 


For applications 
where high torque 
is required at high 
speed. 
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merce, Spring, 
refs. 


1955, pp. 192-202. 12 


Airplane Design 


The Avro (Canada) CF-100 All-Weather 
Fighter—The Bare Bones; Farnborough 
Newcomer. The Aeroplane, Aug. 19, 
1955, pp. 268-273, cutaway drawing. 
Design, development, structural, and per- 
formance characteristics, with equipment 
features. 

Breguet Integral Transport Applies De- 
flected Slipstream Over Double Flaps for 


Short Take-Off Runs. William Beller. 
Aero Dig., Aug., 1955, pp. 30-32. Design 


and performance data on the Breguet 
940-01. 

Bristol Britannia. Flight, Aug. 12, 
1955, pp. 223-232, cutaway drawings. 
Descriptive analysis of design, perform- 
ance, structure, power plant, controls, 
and electronic and special equipment. 

British Aircraft 1955. Flight, Sept. 2, 
1955, pp. 347-386. Includes 72 designs, 
with description of development, specifica- 
tions, and performance data. 

Convair Dart—Turboprop for Short and 
Medium Hauls. Irwin Stambler. Av. 
Age, Sept., 1955, pp. 18-25. Design, de- 
velopment, performance, and structural 
characteristics. 

Flying the Beverley—and the B.2. R. 
E. Gillman. The Aeroplane, Aug. 26, 
1955, pp. 307-310. Performance char- 
acteristics of the Blackburn and General 
Universal Freighter and the early trainer 
designs. 

Handley Page Herald; Thought and 
Practice Behind Britain’s New Branch- 
liner. Flight, Aug. 19, 1955, pp. 260-265, 
cutaway drawing. Design, developmen- 
tal, and structural factors, with special 
auxiliary features. 

Performance of Caravelle Turbojet 
Pusher. Aero Dig., Aug., 1955, pp. 44- 
46. Design and structural characteris- 
tics of the SE 210 featuring set-back power- 
plant installation at the rear of the fuse- 
lage. 

Permissible Design Values and Vari- 
ability Test Factors. I, II. R. J. Atkin- 
son. Gt. Brit., ARC R&M 2877 (July, 
1950), 1955. 20 pp. BIS, New York. 
$1.25. Application of statistical theory 
to the specification of test factors and to 
the derivation of design values for particu- 
lar requirements. 

Rings Used for Shear Web Hole Rein- 
forcement. Kenneth M. King. Aero 
Dig., Aug., 1955, pp. 24-29. Optimum 
design criteria featuring simplified graphi- 
cal data sheets for shear panels with cut- 
outs. 


Control Systems 


Airplanes with Variable Stability; Sta- 
bility and Control Studies Aid in Air- 
craft Design. Waldemar Breuhaus. Res. 
Trends (Cornell Aero. Lab.), Summer, 
1955, pp. 7-11. 


Fuel Tanks 


Automatic Control of Aircraft Center of 
Gravity. Maxwell J. Lawrence. Aero. 
Eng. Rev., Oct., 1955, pp. 61-65. Design 
of a control system based on fuel manage- 
ment providing for the use of the same 
tank units for gaging and balancing. 
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Controls For Every Type Airplane 


Consult us as soon as you know your requirements or have your preliminary specifications 


ADAMS=-RITE MANUFACTURING COMPANY 


540 West Chevy Chase Drive, Glendale 4, California 


REPRESENTATIVES: CANADIAN —Railway & Power Engineering Co., Montreal. 
EASTERN —Reciputi & Weiss, Inc., Amityville, N.Y. MIDWEST—George E. Harris & Co., Wichita, Kansas. 
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MALLORY: SHARON reports on 


TU U Md 


FOR CERTIFIC! 


LONG. ULT. STRENGTH 

TRANS. ULT. STRENGTH 
LONG. YIELD STRENGTE 
TRANS. YIELD STRENGTH 
ELONGATION 
SPREAD LONG.-YIELD to 
TRANS--YIELD to ULTIMATE 
BENDS 105° 4 TD Lone. 
HARDNESS 


HARDNESS 
RED. IN AREA 


ANNOUNCING ...New quality 


certification cuts fabricating costs 


@ Mallory-Sharon now certifies physical properties of unalloyed 
titanium sheet within narrow limits, based on statistical quality 
control techniques. This policy has resulted in major savings in 
time, money, and forming equipment for titanium fabricators. 


Here’s how Mallory-Sharon’s certification works: As a purchaser, 
you will order unalloyed titanium sheet with strength in a speci- 
fied range (say 60,000 to 80,000 psi). In addition to meeting 
this specification, we advise you the average strength of material 
from each heat, and certify that 97.5% of the heat lies within 
narrow limits (such as plus or minus 5000 psi) of this value. 


Since titanium of different strength levels requires different fab- 
rication procedures, dies, etc., this certification means that 
you can eliminate testing and segregating titanium sheets into dif- 
ferent strength levels, and eliminate multiple tooling set-ups. 


Here is another first from Mallory-Sharon, Jeading producer of 
titanium and titanium alloys. For complete information, write 
Mallory-Sharon Titanium Corporation, Dept. D-11, Niles, Ohio. 


MALLORY SHARON 
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Landing Gear 


Effect of Interaction on Landing-Gear 
Behavior and Dynamic Loads in a Flexible 
Airplane Structure. Appendix A—Condi- 
tions at Beginning of Shock-Strut Motion. 
Appendix B—Dynamic Loads in Airplane 
Structure. Appendix C—Response to 
Given Forcing Functions. Appendix D— 
Aerodynamic and Weight Moments and 
Shears. Francis E. Cook and Benjamin 
Milwitzky. U.S., NACA TN 3467, Aug., 
1955. 75pp. 13refs. 

Friction Study of Aircraft Tire Material 
on Concrete. W. G. Hample. U.S, 
NACA TN 3294, Sept., 1955. 34 pp. 
Boeing analytical tests, with curves of the 
apparent coefficient of friction as a func- 
tion of normal pressure. 

Hydraulic Shock Absorbers for Aircraft 
Landing Gear. A. E. Bingham. Appl. 
Hydraulics, Aug., 1955, pp. 66, 68, 70, 72, 
73. Developmental review of design, 
fabricational, and performance character- 
istics. 


Wing Group 


The Application of the Exact Method of 
Aerofoil Design. M. B. Glauert. Gt. 
Brit., ARC R@M 2683 (Oct., 1947), 1955. 
45 pp. BIS, New York. $2.75. Anal- 
ysis of the Lighthill design method in 
which the velocity over the airfoil surface 
is prescribed as a function of the angular 
coordinate on the circle into which the 
airfoil may be transformed. 


Airports 


Effects of a Wind-Break on the Speed 
and Direction of Wind. Appendix 
Wind-Tunnel Experiments. E. N. Law- 
rence. Meteorological Mag., Aug., 1955, pp. 
244-251. Results of analytical measure- 
ments applied to runway problems. 


Traffic Control 


An Analytic Approach Toward Air 
Traffic Control. L.J. Fogel. Trans. IRE 
(ANE Ser.), June, 1955, pp. 8-13. 12 
refs. 

Current RTCA Studies which Concern 
Air Traffic Control. L.M.Sherer. Trans. 
IRE (ANE Ser.), June, 1955, pp. 40-49. 

Elements of the Air Traffic Control 
Problem. P.C. Sandretto. Trans. IRE 
(ANE Ser.), June, 1955, pp. 2-7. 20 refs. 
Survey of such factors as all-weather flying 
conditions, airport disposition, landing 
acceptance rate, surface movement ca- 
pacity, instrument approaches, landing- 
aid functions, collision warning devices, 
and approach and departure scheduling. 

Notes on the Flow of Scheduled Air 
Traffic. R. B. Alder and S. J. Fricker. 
Trans. IRE (ANE Ser.), June, 1955, pp. 
22-31. 

A System Plan for Air Traffic Control 
Embodying the Cursor-Coordinated Dis- 
play. W. O. Arnold and R. R. Hoefle. 
Trans. IRE (ANE Ser.), June, 1955, pp. 


14-22. 


Aviation Medicine 


Evaluation of the Hypoxia Warning De- 
vice. Richard W. Bancroft, Earl T. 
Carter, and Ulrich C. Luft. USAF SAM 
Rep. 55-60, May, 1955. 5 pp. Investi- 
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gation to determine the reliability and re- 
quired modifications of the photoelectric 
design for use in aircraft. 

The Human Operator as an Aircraft 
Systems Component. John S. Brady. 
Aero. Eng. Rev., Oct., 1955, pp. 86-90. 
Pilot performance of intra- or supra-sys- 
tem functions, with design factors for 
information display and control systems. 

Investigation of Eye Movements of an 
Aircraft Pilot Under Blind Approach Con- 
ditions. A. F. A. Watts and H.C. Wilt- 
shire. Coll. of Aeronautics, Cranfield, 
Note 26, May, 1955. 23 pp. 

Pathological Aspects of Life at High 
Altitudes. Alberto Hurtado. Mil. Med., 
Sept., 1955, pp. 272-284. 44 refs. 

The Response of the Human Skull to 
Mechanical Vibrations. Appendix I—The 
Viscosity of Brain Tissue. Appendix II— 
The Elasticity of the Skull Bones. Ernst 
K. Franke. USAF WADC TR 54-24, 
Nov., 1954. 16 pp. 11 refs. 

Transient Fatigue and Flying Skill Im- 
pairment. M. S. Prakash Rao. Indian 
AF Quart., Apr., 1955, pp. 46-53. 


Computers 


Ferromagnetic Computer Cores. 
Charles F. Devenny, Jr., and Lyle G. 
Thompson. Tele-Tech, Sept., 1955, pp. 
58, 59, 84, 86, 88, 90, 92, 94. Analysis of 
characteristics and potentialities, including 
factors ot the d.c. coercive force, square- 
ness ratio, flux change, and switching time. 

The Analog Computer in Engineering. 
William T. Sackett, Jr. Battelle Tech. 
Rev., Aug., 1954, pp. 93-96. Applica- 
tions include vibration and aeroelastic 
analyses, basic research in nonlinear me- 
chanics, design of flight trainers, and syn- 
thesis of automatic feedback controls and 
servo devices. 

Analog Computers for Machine Con- 
trol. I. George H. Amber. Elec. Mfz., 
Aug., 1955, pp. 70-76. Design and opera- 
tional characteristics, with a description of 
basic components; applications. 

The Design and Construction cf a High- 
Speed Electronic Differential Analyzer. 
N. N. Biswas, V. N. Chiplunkar, and V. C. 
Rideout. J. Indian Inst. Sci., Sect. B, 
July, 1955, pp. 186-199. 14 refs. In- 
cludes an analysis of basic principles and 
relative merits in particular applications. 

A Miniature Analogue Computer. A. 
B. Johnson. Electronic Eng., Aug., 1955, 
pp. 348, 349. Design and operational 
principles; applications include aircraft 
flutter and servomechanical problems. 

Fundamentals of an Electronic Digital 
Computer; An Explanatory Introduction 
for Engineers of the Principles of Opera- 
tion of a Computer. W. D. Worthy. 
Aircraft Eng., Sept., 1955, pp. 306-310. 

A Phonic Wheel Generator for Position 
Indication in Digital Computor Magnetic 
Drum Storage. D.R. Quested and A. D. 
Booth. J. Sci. Instr., Oct., 1954, pp. 
357-360. 10refs. 

Synchronizing Magnetic Drum Storage 
Speed. Ernest W. Bivans. Electronics, 
Aug., 1955, pp. 140, 141. USAF-Navy- 
Army-supported development at MIT, 
with circuit design, operation, and control 
factors. 

A Transistor Digital Fast Multiplier with 
Magnetostrictive Storage. G. B. B. 
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Chaplin, R. E. Hayes, and A. R. Owens. 
(IEE Paper 1858 R.) Proc. IEE, Part B, 
July, 1955, pp. 412-425. 10 refs. Cir- 
cuit design and operational factors. 


Electronics 
Amplifiers 


The Design of Stagger-Tuned Double- 
Tuned Amplifiers for Arbitrary Large 
Bandwidth. M. M. McWhorter and J. 
M. Pettit. Proc. IRE, Aug., 1955, pp. 
923-931. USAF-ONR-Army Signal Corps- 
supported study. 

Some Gyrator and Impedance Inverter 
Circuits. B.P. Bogert. Proc. IRE, July, 
1955, pp. 793-796. Experimental in- 
vestigation of feedback amplifiers for im- 
pedance inversion 

Viewpoints on D-Amplifier Design. II, 
III. Harry Stockman. Tele-Tech, Aug., 
Sept., 1955, pp. 101, 148, 149, 174-176, 
178; 67, 99-103. 23 refs. Analysis of 
the fundamental elements of distributed 
amplification, including cut-off predictions 
via bandwidth indexes, improved ladder 
networks, and suitable wide-band coup- 
lers. 

Internal Feedback and Neutralization 
Transistor Amplifiers. A. P. Stern, C. A. 
Aldridge, and W. F. Chow. Proc. IRE, 
July, 1955, pp. 838-847. 10 refs. 

Predictable Design of Transistor Am- 
plifiers. Richard B. Hurley. Tele-Tech, 
Aug., 1955, pp. 74, 75, 132, 165-168. 
Analysis of problems including circuits 
for the common-emitter and junction 
transistor as a low-frequency amplifier. 

Unilateralization of Junction-Transistor 
Amplifiers at High Frequencies. G. Y. 
Chu. Proc. IRE, Aug., 1955, pp. 1,001- 
1,006. Development of a general method 
based on the equivalent circuit of a bilat- 
eral device. 


Antennas 


A-M System Tunes Aircraft Antennas. 
David T. Geiser. Electronics, Aug., 1955, 
pp. 152,153. Automatic design to provide 
fast and accurate tuning at low trans- 
mitter power to reduce jitter in frequency- 
shift modulation systems. 

Design for Wide-Aperture Direction 
Finders. R. C. Benoit, Jr., and M. W. 
Furlow. Tele-Tech, Sept., 1955, pp. 60- 
62, 104-108. USAF development of the 
Wullenweber type UHF unit utilizing 
fixed antenna elements disposed sym- 
metrically in a circle to obtain a desired 
pattern from rotating planar arrays. 

Determination of Aperture Phase Errors 
in Microwave Reflectors. David K. 
Cheng and Pranas Grunsauskas. J. 
Franklin Inst., Aug., 1955, pp. 99-105. 
USAF-supported study to derive a gen- 
eral expression for the phase error in an 
aperture plane of any reflector when the 
equation of the incident wavefront is 
known; application to microwave an- 
tenna system problems. 

Dielectric Lens for Microwaves. 
Kelleher and C. Goatley. Electronics, 
Aug., 1955, pp. 142-145. Construction 
and operational characteristics as applied 
to antenna design problems. 

Effect of Arbitrary Phase Errors on the 
Gain and Beam-Width Characteristics of 


1955 


Radiation Pattern. D. K. Cheng. JRE 
Trans. (AP Ser.), July, 1955, pp. 145-147. 

The Effect of the Source Distribution on 
Antenna Patterns. S. Matt and J. D. 
Kraus. Proc. IRE, July, 1955, pp. 821- 
825. 10 rets. Analysis of the problem, 
with results applicable to radar observa- 
tions. 

A New Interpretation of the Integral 
Equation Formulation of Cylindrical An- 
tennas. C. T. Tai. JRE Trans. (AP 
Ser.), July, 1955, pp. 125-127. 10 refs. 
Approximate solution using a variational 
method. 

Parasitic Arrays Excited by Surface 
Waves. R. S. Elliott and E. N. Rodda. 
IRE Trans. (AP Ser.), July, 1955, pp. 
140-142. USAF-supported 
Hughes Aircraft Co. 

The Radiation Field Produced by a Slot 
in a Large Circular Cylinder. L. L. 


research at 


Bailin. (Hughes Aircraft Co. TM 309, 
1954). IRE Trans. (AP _ Ser.), July, 
1955, pp. 128-137. 11 refs. USAF- 


sponsored investigation applying the Sil- 
ver-Saunders expressions for slots of ar- 
bitrary shape to the cases of narrow-width 
half-wavelength slots oriented transverse 
and parallel to the axis of cylinders with 
fairly large radii as in microwave antenna 
design problems. 

Radiation From Aerials. Giorgio Bar- 
zilai. Waéreless Engr., Aug., 1955, pp. 223- 
225. 20 refs. Derivation of an expres- 
sion for the complex power radiated by a 
thin, center-driven, perfectly conducting 
aerial. 


Capacitors 


Evaluation of Capacitors. Donald B. 
Lee. Elec. Mfg., Sept., 1955, pp. 117- 
121. Application of the reliabilitv con- 
cept in terms of the difference between 
unity and failure rate to determine quality 
levels for such uses as missile installations. 


Circuits & Components 


Active-Error Feedback and Its Applica- 
tion to a Specific Driver Circuit. J. R. 
Macdonald. Proc. IRE, July, 1955, pp. 
SO8-813. 

An Airborne Standby VHF Transmitter 
and Receiver. Kenneth M. Miller. Tele- 
Tech, Aug., 1955, pp. 94, 95, 161-164. 
Development of a compact, rugged, 
pointed-circuit design for emergency com- 
munications in the event of a.c. power 
loss. 

Current-Rectifying Devices. John D. 
Cooney, and others. Elec. Mfg., Sept., 
1955, pp. 1389-157. A comprehensive re- 
view of design, theoretical principles, 
operating and other characteristics of vac- 
uum and _ gas-filled tubes, thyratrons, 
mercury-pool rectifiers, selenium, copper- 
oxide, silicon, germanium, and titanium- 
dioxide types. 

Improving Electronic Reliability. I, 
II. Herbert B. Brooks. Tele-Tech, Aug., 
Sept., 1955, pp. 98, 99, 118, 119; 68-70. 
39 refs. Design, construction, and testing 
techniques to meet extreme environmental 
conditions of vibration, shock, and tem- 
perature. 

The Single-Layer Solenoid as an RF 
Transformer. W.A. Edson. Proc. IRE, 
Aug., 1955, pp. 932-936. ONR-supported 
development applied to air-core compo- 
nent design. 
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LORD DYNAFOCAL MOUNTING 


DESIGNERS AND PRODUCERS OF BONDED RUBBER PRODUCTS 
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Tunable Temperature-Compensated 
Reference Cavity. M.S. Wheeler. Wire- 
less Engr., Aug., 1955, pp. 201-205. 


Construction Techniques 


Etched Foil Printed Circuits, with 
Particular Reference to Photomechanical 
Methods of Production. H.G. Manfield. 
Wireless World, Sept., 1955, pp. 486-440. 

Stacked Ceramic Tubes. Harold E. 
Sorg. Tele-Tech, Aug., 1955, pp. 92, 
93, 191-193. Development of a con- 
struction and assembly method adaptable 
to modular circuitry. 


Crystals 


On the Methods of Investigations of 
Pierzo Crystals Used as Ultrasonic Trans- 
ducers (Ultrases ‘‘Transducer’’ i Olarak 
Kullanilacak Piezo Kristallerin Tetkiki 
Hakkinda Metotlar). Belkis Ozdogan. 
Istanbul U. Fac. Sci. Rev., Ser. C, Jan., 
1955, pp. 14-384. 12 refs. Interfero- 
metric detection of the modes of vibra- 
tion, with an analysis of the relation be- 
tween the width of the resonance curve 
and the quality factor and of schlieren 
observations. 


Delay Lines 


Criteria for Electromagnetic Delay 
Lines. Norman W. Gaw, Jr., and David 
Silverman. Tele-Tech, Aug., 1955, pp. 
78-80, 128. Definition of terminology 
and procedures for pulse and sinusoidal 
testing, with a distortion analysis. 


Dielectrics 


European Developments in the Dielec- 
trics Field. GerarddeSenarclens. Elec. 
Mfg., Aug., 195€, pp. 119-125. 23 refs. 

On Nonuniform Dielectric Media. R. 
B. Barrar and R. M. Redheffer. JRE 
Trans. (AP Ser.), July, 1955, pp. 101-107. 
14 refs. Theoretical development for the 
inhomogeneous media problem, with po- 
tential application of derived impedance 
and other properties to the design of ra- 
domes or absorbing surfaces. 


Electronic Tubes 


Anode-Dynode Beam Deflection Am- 
plifier. Herbert J. Wolkstein and Al- 
fred W. Kaiser. Electronics, Aug., 1955, 
pp. 132-136. Design and_ operational 
characteristics; applications include gat- 
ing, multivibrator, binary storage, and 
control circuits. 

Backward-Wave Oscillator Efficiency. 
R. W. Grow and D. A. Watkins. Proc. 
TRE, July, 1955, pp. 848-856. 10 refs. 
Theoretical and experimental results of 
investigations of basic factors of tube effi- 
ciency for design purposes. 

Changes in the Structure of Oxide 
Cathodes at High Temperatures. H. P. 
Rooksby. Brit. J. Appl. Phys., Aug., 
1955, pp. 272-276. 

Microwave Detection in a Thermionic 
Diode. P. A. Redhead. Pro-. JRE, 
Aug., 1955, pp. 995-1,000. Theoretical 
analysis assuming a parabolic space- 
charge potential distribution and that 
the resultant field acting on the electron 
is the sum of the static and radio-frequency 
fields. 

The Minimum Noise Figure of Micro- 
wave Beam Amplifiers. H. A. Haus and 


F. N. H. Robinson. Proc. IRE, Aug., 
1955, pp. 981-991. 21 refs. USAF- 
ONR-Army Signal Corps-supported ma- 
trix analysis of such amplifiers as klystrons, 
traveling-wave, and backward-wave tubes. 

The Physics of Cathode-Ray Storage 
Tubes. C. N. W. Litting. J. Sci. Instr., 
Oct., 1954, pp. 351-356. 

Saturated Diodes; The Characteristics 
of Some Commercially-Obtainable Valves. 
F. A. Benson and M. S. Seaman. Elec- 
tronic Eng., Aug., 1955, pp. 360-365. 

Some Half-Tone Charge Storage Tubes. 
R.S. Webley, H. G. Lubszynski, and J. A. 
Lodge. (JEE Paper 1883 R.) Proc. 
IEE, Part B, July, 1955, pp. 401-411. 
19 refs. Design and performance char- 
acteristics; applications include radar 
display systems 


Magnetic Devices 


Low Level Magnetic Amplifier. F. 
Gourash. Tele-Tech, Aug., 1955, pp. 90, 
91, 1538-157, 159, 160. Design and per- 
formance analysis, with circuit details; 
application to thermocouple and strain- 
gage indicators. 

Magnetic Amplifiers as Control Com- 
ponents. Walter La Pierre. Prod. Eng., 
Aug., 1955, pp. 129-133. Evaluation of 
relative merits, in terms of input signal, 
power output, and response time; applica- 
tions. 

Magnetic Amplifiers for Indication and 
Control. H. W. Collins and C. V. Fields. 
Elec. Mfg., Sept., 1955, pp. 112-116. 
Electrical and mechanical features as 
adapted to perform computer and other 
functions. 

Magnetic Elements in Arithmetic and 
Control Circuits. I. L. Auerbach and S. 
B. Disson. Elec. Eng., Sept., 1955, pp. 
766-770. Characteristics of square-loop 
ferromagnetic cores; applications. 

Preparation of Thin Magnetic Films and 
Their Properties. M. S. Blois, Jr. J. 
Appl. Phys., Aug., 1955, pp. 975-980. 
11 refs. ONR-supported development of 
high-frequency magnetic-core materials 
with extreme hysteresis loop rectangular- 
ity. 

Second-Order Aberrations in Sector 
Shaped Electromagnetic Analyzers. H. 
G. Voorhies. Rev. Sci. Instr., July, 1955, 
pp. 716, 717 


Measurements & Testing 


Apparatus for Measuring Resistivity and 
Hall Coefficient of Semiconductors. T. 
M. Dauphinee and E. Mooser Rev. Sci. 
Instr., July, 1955, pp. 660-664. 

Determination of Small Gap Widths 
Used in Breakdown Studies by Capaci- 
tance Measurements. Amandus H. Shar- 
baugh. Rev. Sci. Instr., July, 1955, pp. 
657-659. 

Differential Amplifier for Null Detection. 
W. E. Barnette and L. J. Giacoletto. 
Electronics, Aug., 1955, pp. 148-151. 
Design and operational characteristics as 
applied to a measuring device for transis- 
tor parameters 

Microwave Dielectric Measurements. 
II—8,700 to 9,700 Mc/s Range. S. S. 
Srivastava, C. S. Rangan, and M. M. 
Sahai. J. Sci. & Ind. Res., Sect. B, July, 
1955, pp. 315-320. 16refs. 

Multiple-Bridge Circuits for Measure- 
ment of Small Changes in Resistance. 


I. Warshawsky. Rev. Sci. Instr., July, 
1955, pp. 711-715. 12 refs. 

Resonant-Cavity Measurements of the 
Relative Permittivity of a D.C. Discharge. 
K. W. H. Foulds. (JEE Monograph 122 
M.) Proc. IEE, Part B, July, 1955, pp. 
654-567. 3lrefs. Abridged. 

Sensitive Transistorized Field Strength 
Meter. I—Circuit Description. II- 
Construction, Calibration and Use. Eng. 
Dept., Aerovox Corp. Aerovox§ Res 
Worker, July, Aug., 1955. 6 pp. 

Signal/Noise Performance of Multi- 
plier (Or Correlation) and Addition (Or 
Integrating) Types of Detector. D. G. 
Tucker. (JEE Monograph 120 R.) Proc. 
IEE, Part B, July, 1955, pp. 558-562 
Abridged. 


Navigation Aids 


Automatic Feedback Control and All- 
Weather Flying. Dunstan Graham and 
Richard C. Lathrop. (JAS 23rd An- 
nual Meeting, New York, Jan. 24-27, 1955, 
Preprint 514). Aero. Eng. Rev., Oct., 
1955, pp. 70-85. 35 refs. USAF All- 
Weather Branch operational experiences 
and investigations of automatic control 
and navigational guidance systems and 
problems, with an appraisal of the ILS, 
AGCA, and surveillance radar traffic 
control systems. 

Funkhilfen fiir Streckennavigation und 
Schlechtwetterfliige; die Bedeutung der 
Funkortung fiir den Luftverkehr. Karl 
E. Karwath. Flugwelt (Wiesbaden), 
Aug., 1955, pp. 396-400. In German. 
Analysis of radio orientation for air 
traffic in bad weather. 


Networks 


The Response Functions and Vector 
Loci of First and Second Order Systems. 
I. David Morris. Electronic Eng., Sept., 
1955, pp. 402-404. Review of network 
theoretical principles. 

Some Fundamental Properties of Net- 
works Without Mutual Inductance. A. 
Talbot. (JEE Monograph 118 R.) Proc. 
IEE, Part B, July, 1955, pp. 554, 555. 14 
refs. Abridged. 

Topological and Dynamical Invariant 
Theory of an Electrical Network. Thomas 
C. Doyle. J. Math. & Phys., July, 1955, 
pp. 81-94. 


Noise & Interference 


Phenomenological Approach to ‘‘Cur- 
rent Noise.’”? D.A. Bell. Brit. J. Appl. 
Phys., Aug., 1955, pp. 284-287. 15refs. 

Quantitative Noise Reduction in Pulse 
Time Modulation. Jajneswar Das. Elec- 
tronic Eng., Sept., 1955, pp. 406-409. 
Calculations based on the Daloraine-La- 
bin-Goldman method of the improvement 
in the output signal-to-noise ratio due to 
the limited audio frequency bandwidth. 


Oscillators & Signal Generators 


The Loop Oscillograph and Its Use 
(Smyckovy Oscilograf a Jeho Pouziti). 
Milos Gabler. (Elektrotech. Obz., Prague, 
No. 5, pp. 267-275, 1953). Gt. Brii., 
MOS TIB/T4366, June, 1955. 18 pp. 
Translation. Survey of theoretical and 
practical aspects of the Siemens design 
and its properties in terms of recording 
accuracy, with an analysis of the dynamic 
behavior of the loop. 
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The usted Name in Jynition 


Pioneers in 
| Development of 
Vibration-Resistant 


> Electrical Connector 

ind 

LS, 

= The unsatisfied demand for a rugged, 

nd ae dependable connector capable of meeting 

ler the exacting requirements of modern air- 

arl craft led the Scintilla Division of Bendix* 

to develop the first vibration-resistant 

electrical connector. These connectors 
using the revolutionary new insert mate- . 
rial known as Scinflex were first used on — : 
Scintilla Division’s ignition equipment “Ui 

= for piston engines. 

So outstanding was the performance / 

rk of this new and better connector that its = a , 
acceptance and use have now become — wil 

‘% world-wide. Today the Scintilla Division 

wie is a major contributor to the electrical 

14 connector industry. 

This pioneering has never stopped. 

we Bendix was first in the field with cad- ‘ ; 

mium plated connectors, which were later a 
made a requirement of military specifi- /y ly ly \ 
cations. Our latest contribution is the la 
best engineered closed entry socket con- ' 

“ tact available anywhere—one which can- 

“i not be mechanically overstressed. 

ise *TRADE-MARK. 

SCINTILLA DIVISION 


of “Bendix” 


CORPORATION 


SIDNEY, NEW YORK 


AVIATION PRODUCTS: low and high tension 
ignition systems for piston, jet, turbo-jet engines and 


se rocket motors . . . ignition analyzers . . . radio shielding 

i) harness and noise filters . . . switches . . . booster coils 

electrical connectors. 

e, 

i 

p. Export Sales: Bendix International Division * 205 East 42nd St., New York 17, N. Y. 

nd FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. @ Stephenson Bldg., 6560 Cass Ave., fof 4 

Bn Detroit 2, Mich. @ 512 West Ave., Jenkintown, Pa. @ Brouwer Bldg., 176 W. Wisconsin Ave., Milwaukee, /7 1X 


ng Wisc. @ American Bldg., 4 South Main St., Dayton 2, Ohio e@ 8401 Cedar Springs Rd., Dallas 19, Texas 
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Phase Stabilization of Microwave Os- 
cillators. M. Peter and M. W. P. Strand- 
berg. Proc. IRE, July, 1955, pp. *69 
873. 10 refs. USAF-ONR-Army Signal 
Corps-supported development of a phase- 
stabilizing klystron circuit design, with the 
analysis utilizing the statistical theory of 
random noise 

Stability of Oscillation in Valve Genera- 
tors. I. A.S.Gladwin. Wireless Engr., 
Aug., 1955, pp. 206-214. 25 refs. De- 
velopment of a comprehensive stability 
theory for four-terminal regenerative 
oscillators with grid-leak bias applicable 
to circuits with fixed grid-bias, and to two- 
terminal types. 

Triggered Microsecond Sweep Genera- 
tors. D. P. C. Thackeray. Electronic 
Eng., Sept., 1955, pp. 397-401. 12 refs. 


Design and operational principles, with 
circuit details; applications include high- 
speed photograp! 

Radar 


A Dual-Standard for Radar Echo Meas- 
urements. M. H. Cohen and R. C 


Fisher. JRE Trans. (AP Ser.), July, 
1955, pp 8-110. WADC-spoaso-ed 
research at Ohio State U.; includes an 
optical derivation for the echo area of the 


circular cori f an experimental alu 
minum corner-sphere reflector with an 
excised octant 

Problems and Applications of the ATC 
Radar Beacon System. T. Kk. Vickers 
and D. S. Crippen Trans. TIRE (ANE 
Ser.), June, 1955, pp. 32-89. Study of 


such operational aspects as target over- 


Delavan . . 


. designer and manufacturer of 


fuel nozzles for Pratt & Whitney Aircraft’s 
‘J57 «turbojet, powering the Convair F102, 
supersonic interceptor. Delavan has brought 
unprecedented nozzle performance to the air- 
craft industry. 


DELAVAN Mfg. (Co. 


WEST DES MOINES, IOWA 


laps, air-borne antenna shadowing, second- 
ary radar reflections, and interference, 
with recommended solutions to prime 
problems. 

The Stability and Time Response of 
Fast Operating Closed-Loop Pulsed Radar 
Circuits. D. McDonnell and W. R. Per- 
kins. (JEE Monograph 121 R Pro 
IEE, Part B, July, 1955, pp. 567, 568 10 
refs. Abridged. 


Semiconductors 


Constant Current Sources Based on 
Transistors. N. Howell Furman, Louis 
J. Sayegh, and Ralph N. Adams. Ana 
Chem., Sept., 1955, pp. 1,423-1,425. De 
sign of simple circuits using p-n-p junction 
type germanium transistors 

The Effect of Junction Shape and Sur- 
face Recombination on Transistor Cur- 
rent Gain. II. K. F. Stripp and A. R 
Moore. Proc. IRE, July, 1955, pp. 856 
866. Theoretical and experimental study 
of design and operational factors 

Forward Characteristic of Germanium 
Point Contact Rectifiers. Melvin Cutler 
J. Appl. Phys., Aug., 1955, pp. 949-954 
11 refs. 

How to Design I-F Transistor Trans- 
formers. Roger R. Webster. Electronics, 
Aug., 1955, pp. 156-158, 160. Detailed 
procedure and curves of single- and double- 
tuned units. 

Nonsaturating Pulse Circuits Using Two 
Junction Transistors. J.G. Linvill. Pro 
IRE, July, 1955, pp. 826-834. Appli- 
cations include binary counter switch- 
ing 

Rectification Properties of Metal Semi- 
conductor Contacts. E. H. Borneman, 
R. F. Schwarz, and J. J. Stickler. J 
Appl. Phys., Aug., 1955, pp. 1,021-1,028 
Measurements on n- and p-type germa- 
nium using jet etching and plating tech- 
niques. 

A Semiconductor Diode Multivibrator. 
J. J. Suran and E. Keonjian. Proc. TRE, 
July, 1955, pp. 814-820. Circuit design 
and operation, with a graphical analysis; 
applications to square-wave oscillators 
and delayed-pulse generators 

Transistor Equivalent Circuits. III 
Earthed-Base Transistors. W. T. Cock- 
ing. Wireless World, Sept., 1955, pp. 444 
448. 

A Two-Emitter Transistor with a High 
Adjustable Alpha. R. F. Rutz. Prac 
IRE, July, 1955, pp. 884-837 


Telemetry 


Telemetered Temperatures. A. B 
Kaufman. Instruments & Automation, 
Aug., 1955, pp. 1,320-1,322. Design of 
the Arnoux TME system for direct opera- 
tion of the subcarrier channels with a 
minimum amount of amplifier or other 
support equipment; applications include 
flight testing of missiles and aircraft 


Transmission Lines 


Double-Ground-Plane  Strip-Line 
System for Microwaves. Bengt A. Dalhl- 
man. (JEE Paper 1852 R.). Proc. IEE, 
Part B, July, 1955, pp. 448-492. 11 refs 
Transmission characteristics, with design 
formulas and applications. 

Further Analysis of Transmission-Line 
Directional Couplers. R. C. Knechtli. 
Proc. IRE, July, 1955, pp. 867-869 
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WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected ge one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2, 439, 785; 2, 441,846; 2,455,165; 2,483,379; 
944,631; 2, ‘546, 616; 2, ‘547, 263; 2, ‘558, 704; 2, ‘574, 034; 2,577,319; 2,595,787, and other 'v. s. Patents pending. Equal patent protection established in foreign countries. 
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4 Waldes Truarc Rings Cut Costs Drasticall 
Increase Versatility of Precision Automatic Drill 


Dumore’s New Automatic Drill 


Dumore Precision Tools, Racine, 
Wisconsin, uses 4 Waldes Truarc 
Retaining Rings in their versatile new 
automatic drill unit. Machining 
operations have been eliminated, 
assembly simplified. 

Great labor savings have 

resulted from use of 

Truarc rings. 


Actuator Lever Shaft Assembly 


A Single Waldes Truarc External Retaining Ring (Series 
5100) acts as shoulder, holds the lever in position. Labor 
savings are tremendous—a simple groove cutting operation 
replaces turning a shoulder, grinding and polishing. 


Whatever you make, there’s a Waldes Truarc Retain- 
ing Ring designed to improve your product...to save 
you material, machining and labor costs. They’re quick 
and easy to assemble and disassemble, and they do a 
better job of holding parts together. Truarc rings are 
precision engineered and precision made, quality con- 
trolled from raw material to finished ring. 

36 functionally different types...as many as 97 


For precision internal grooving and undercutting.. 


WALDES 


TRUARC 


RETAINING RINGS 


Send for new catalog supplement 


dtion. Alternate method would require at least two addi- 
tional machining operations. Bowed Truarc ring takes up 
accumulated tolerances resiliently. 


Easy assembly is assured by use of one Waldes Truare 
Bowed Ring (Series 5001) to lock the bearing to the piston 
assembly. When unit is to be used in tapping applications, 
entire spindle assembly can be removed without disassembly. 


different sizes within a type...5 metal specifications 
and 1 4different finishes. Truarc rings are available from 
90 stocking points throughout the U.S.A. and Canada. 
More than 30 engineering-minded factory represent- 
atives and 700 field men are available to you on call. 
Send us your blueprints today... let our Truarc engi- 
neers help you solve design, assembly and production 
problems... without obligation. 


-Waldes Truarc Grooving Tool! 


Waldes Kohinoor, Inc., 47-16 Austel N.Y. 
| Please send the new sup KONO. 1 which 
| brings Truarc Catalog to date. 
Rent) 
| = 
Com 


2,483,380; 


2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
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HOW THEY ARE USED 


AN3057 2 Hold cable or wire, prevent twisting 
or pulling of soldered connections, 
assist in moisture protection. 


AN3057A 


CABLE CLAMPS Eliminate need for taping or wrap- 


ping wires. Keep dirt, oil and 
moisture out of end bell. 


AN3420 


TELESCOPING BUSHINGS 


Accessories in the AN Series 
were designed to take care of secondary 
special needs. You'll find the Cannon 
line complete ... featuring the same high 
quality in materials and workmanship 
that characterizes Cannon “AN” Connectors... 
adaptable to all makes of AN connectors 
and to other connectors made by Cannon. Ask 
your industrial electronics distributor. 
Fast delivery from the factory and 
at Cannon Service Stores in Los 
Angeles and East Haven. 


Eliminate cumbersome junction 


\3) boxes, reduce costs in assembly, 

} expedite inspection, save weight 
and space, cover terminals, 
shield wires behind panels. 


Act as holding receptacles for 
AN3106B and AN3108B plugs 
when not in use. Give you a place 
to put the plugs. 


DUMMY 
RECEPTACLES 


2245 
DUST CAPS 


¢ 530-20 (- 2322 


17! 


Protect contacts and insulators 
from moisture, foreign matter. 
Protect “live” circuits. With 
or without chains. 


AN3058 with AN3066 locknut. 

The Cannon line includes 

AN3054, AN3055, AN3056, 
AN3058, AN3064, AN3066, AN3068. 


Plastic pro- 
tective dust AN3058 
caps for all 


AN types and 
cage CONDUIT FITTINGS 


connectors. 


il 
il 


Used wherever there 
is need for bonding 
between plug end bell 
and wire shielding. 


BONDING RINGS 


CANNON PLUGS 


CANNON ELECTRIC CO., 3209 Humboldt St., Los Angeles 31, Calif 
es in Los Angeles; East Haven; Toronto, Can.; London, Eng.; 
urne, Australia. Manufacturing licensees in Paris, France: 


Get the complete 
Story. Write 
TODAY for Cannon 
AN Bulletin! 


Japan. Representatives and distributors in all principal cities 
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On the Surface Impedance of a Cor- 
rugated Waveguide. A. E. Karbowiak. 
(IEE Paper 1882 R.) Proc. IEE, Part B, 
July, 1955, pp. 501, 502. 

Rotatable Inductive Probe in Wave- 
guides. F.J. Tischer. Proc. IRE, Aug., 
1955, pp. 974-980. Design and opera- 
tional characteristics. 

Standard Waveguides and Couplings 
for Microwave Equipment. A. F. Harvey. 
(IEE Paper 1807 R.) Proc. IEE, Part B, 
July, 1955, pp. 493-500. 41 refs 


Wave Propagation 


Propagation of Microwaves on a Single 
Wire. I. S. K. Chatterjee and P. Mad- 
haven. J. Indian Inst. Sci., Sect. B, July, 
1955, pp. 200-223. 23 refs. Measure- 
ments of surface waves excited on a cylin- 
drical bare copper conductor, with design 
and constructional details of the experi- 
mental apparatus. 


Equipment 
Electric 


A-C Control for Aircraft Electrical 
Systems. C. L. Mershon and N. F. 
Schuh, Jr. Westinghouse Engr., Sept., 
1955, pp. 146-151. Control panel de- 
signs evaluated in terms of performance 
and reliability. 

Liquid-Cooled Generators. O. E. Bux- 
ton and C. R. Dunfee. Prod. Eng., Aug., 
1955, pp. 178-181. Development, size 
and weight factors, potentialities, and ap- 
plications. 


Hydraulic & Pneumatic 


Constant Flow-Rate Circulating Sys- 
tem. I. Shapiro and H. Landesman. 
Rev. Sci. Instr., July, 1955, pp. 652-654. 
Design of a circulating pump for subat- 
mospheric pressures featuring a recipro- 
cating piston driven at a constant linear 
speed. 

Dynamic Sealing with O-Rings. Clar- 
ence Johnson. Mach. Des., Aug., 1955, 
pp. 183-188. Appraisal of prime design 
and operational factors; applications. 

Static Seal for Low-Temperature Fluids. 
Stanley E. Logan. Jet Propulsion, July, 
1955, pp. 334-340. 15 refs. Survey of 
sealing problems in using liquid oxygen 
and nitrogen at moderately high pres- 
sures and low-temperatures; development 
of design equations; physical properties; 
potentialities. 

Static Seals for Missile Applications. 
R. R. Ashmead. Jet Propulsion, July, 
1955, pp. 331-333, 340, 346. Review of 
general problems in terms of temperature, 
hardening, and contraction factors, with 
test results at —300° to +1,400°F. 

Ultra-High Vacuum Valve. D. G. Bills 
and F. G. Allen. Rev. Sci. Instr., July, 
1955, pp. 654-656. USAF-ONR-Army- 
supported development to control and 
measure flow of gases at pressures of 10~" 
mm. Hg or less. 


Fuels & Lubricants 


Additives in Fuels and Lubricants. 
Karl Hess, Moderator, and others. Sky- 
ways, Aug., 1955, pp. 16-19, 34, 35, 38. 
Flight Operations Round Table discus- 
sion. 
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Flame Propagation Limits of Propane 
and »-Pentane in Oxides of Nitrogen. 
Riley O. Miller. U.S., NACA TN 3520, 
Aug., 1955. 29pp. 19 refs. 

Effect of Air & Nitrogen Atmospheres 
on the Temperature Limitations of Liquid 
& Solid Lubricants in Ball Bearings. 
Z. N. Nemeth and W. J. Anderson. 
Lubrication Eng., July-Aug., 1955, pp. 
267-273. 10 refs. 

The Influence of Moisture on the Fric- 
tion & Surface Damage of Clean Metals. 
R. O. Daniels and A. C. West. Lubdrica- 
tion Eng., July-Aug., 1955, pp. 261-266. 
13 refs. 

Significance of Viscosity Studies of 
Fluid Lubricants at High Pressures. 
L. B. Sargent, Jr. Lubrication Eng., 
July-Aug., 1955, pp. 249-254. 18 refs. 
Review of experimental investigations 
showing the gross dependency upon vis- 
cosity variations in hydrostatic lubrication 
of such factors as flow volume, film thick- 
ness, and pressure drops through tubes. 

Some Physical Aspects of Lubrication in 
Rolling Bearings and Gears. I, II. W. 
Lewicki. The Engr., Aug. 5, 12, 1955, 
pp. 176-178, 212-215. Theoretical and 
experimental investigation of hydroelastic 
rolling-contact mode of lubrication. 

What Happened to My Oil? C. W. 
Nichols, Jr. Lubrication Eng., July-Aug., 
1955, pp. 242-248. Sampling tests to 
analyze conditions of used oils for such 
purposes as gears, engine parts, compres- 
sors, and gas-turbines. 


Ice Formation & Prevention 


Reference Pressure Probes for an Ori- 
fice-Type Icing Detector. Appendix A. 
Appendix B—Characteristics of a Pressure 
Reference Probe Configuration Insensi- 
tive to Yaw. D. Fraser and D. C. Baxter. 
Canada, NAE LR-129, Apr. 6, 1955. 34 
pp. 

Statistical Survey of Icing Data 
Measured on Scheduled Airline Flights 
Over the United States and Canada from 
November 1951 to June 1952. Appendix— 
Calibration of Ice-Sensing Probe. Porter 
J. Perkins. U.S., NACA RM Es55F28a, 
Sept. 8, 1955. 44 pp. 


Instruments 
Flow Measuring Devices 


Aircraft Fuel Measurement. Leroy A. 
Griffith. Tele-Tech, Sept., 1955, pp. 54, 
55, 113, 114, 116, 117. Development of a 
transistorized combination capacitance 
gage design. 

An Automatic Viscometer for Non- 
Newtonian Materials. Ruth N. Welt- 
mann and Perry W. Kuhns. U.S., NACA 
TN 3510, Aug., 1955. 34 pp. 19 refs. 
Design to permit programming flow con- 
ditions to develop flow curves incorporat- 
ing the rate of shear related to the rota- 
tional speed. 

Heat Loss from Yawed Hot Wires at 
Subsonic Mach Numbers. Virgil A. Sand- 
born and James C. Laurence. U.S., 
NACA TN 3563, Sept., 1955. 44 pp. 
10 refs. Instrumentation, test proce- 
dures, and analytical results. 

The Use of Quartz in the Manufacture 
of Small Diameter Pitot Tubes. J. R. 


AERONAUTICAL REVIEWS 


Cooke. Gt. Brit.. ARC CP 193 (Dec., 
1954), 1955. 14 pp. BIS, New York. 
$0.50. 


Gyroscopes 


Der selbsterregte unsymmetrische Krei- 
sel. R.Grammel. Ingen.-Arch., No. 2, 
1954, pp. 73-97. In German. Study of 
the behavior of self-excited nonsymmetri- 
cal gyroscopes in periodic and asymptotic 
movements. 


Pressure Measuring Devices 


Micromanometer for Measuring Bound- 
ary Layer Profiles. A.M. O. Smith and 
James S. Murphy. Rev. Sci. Instr., Aug., 
1955, pp. 775-781. 13 refs. Design 
based on the U-tube principle with great 
inherent accuracy for small pressure 
differentials, moderate accuracy for a 
large overall range of differentials, and a 
small time lag. 


Recording Equipment 


Counters Provide Direct Readout in 
This Recording Accelerometer. FE. J. 
Kirchman. Instruments & Automation, 
Aug., 1955, pp. 1,334, 1,335. Applica- 
tion to the measurement of metallic 
fatigue in aircraft. 

Data Tape—Latest System to Speed 
Aviation Testing. CEC Recordings, July- 
Aug., 1955, pp. 4, 5. For recordings in 
flight of such physical parameters as 
stress, pressure, acceleration, vibration, 
and temperature. 


Stress & Strain Measuring Devices 


Calibration of Strain-Gage Installations 
in Aircraft Structures for the Measure- 
ment of Flight Loads. T. H. Skopinski, 
William S. Aiken, Jr., and Wilber B. Hus- 
ton. (U.S., NACA TN 2993, 1958). 
U.S., NACA Rep. 1178, 1954. 29 pp. 12 
refs. Supt. of Doc., Wash. $0.30. 


Machine Elements 


Design of Round Tubes for Combined 
Bending and Torsion. Robert A. Need- 
ham. Prod. Eng., Aug., 1955, pp. 205, 207, 
209. Analytical method for light alloys 
to design optimum tubular members of 
minimum weight. 


Bearings 


Beitrag zur Ermittlung der hydrody- 
namischen Dampfungs- und Federeigen- 
schaften von Gleitlagern. E. Pestel. 
Ingen.-Arch., No. 3, 1954, pp. 147-155. 
In German. Determination of the hydro- 
dynamic damping and spring-characteris- 
tics of sliding bearings, with diagrams for 
the numerical calculation of vibration 
ratios for rotating shafts. 

Design and Application Ideas for Special 
Miniature Bearings. R. H* Carter. 
Mach. Des., Aug., 1955, pp. 189-192. 

Evaluating Bearing Materials Under 
Boundary Lubrication. B. Lunn. Lubrica- 
tion Eng., July-Aug., 1955, pp. 255-260. 
10 refs. Test techniques and apparatus 
to determine mechanical and surface prop- 
erties of bearing metals subjected to ex- 
treme conditions of high pressure, speed, 
and temperature. 

Schmiermitteldruck und Randverform- 
ungen des Rollenlagers. J. Dorr. Ingen.- 
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Arch., No. 3, 1954, pp. 171-193. In Ger- 
man. Lubricant pressure and rim defor- 
mation of a roller bearing. 

Sleeve Bearing Design. Oscar Pinkus. 
Prod. Eng., Aug., 1955, pp. 134-139. 
Parameters for optimum performance 
combination of load capacity, tempera- 
ture rise, power loss, lubricant flow, vibra- 
tion, and turbulence. 


Fastenings 


A Progress Report on Titanium Fasten- 
ers. John Van Hamersveld. Mach. Des., 
Aug., 1955, pp. 169, 170. Basic design 
factors with experimental Northrop test 
results. 


Friction 


Neutrons, Gamma Rays, & Wear. A. 
Hundere, G. G. Lawrason, and J. P. 
O'Meara. Lubrication Eng., July-Aug., 
1955, pp. 230-237. Radioactive tracer 
technique used in friction studies of gears, 
bearings, and piston rings, with test pro- 
cedures and instrumentation. 


Gears & Cams 


Epicyclic Gear Systems. Robert N. 
Abild. Mach. Des., Aug., 1955, pp. 171- 
174. Simplified design method for cases 
where a choice of systems is possible to 
meet requirements for relative speeds in 
the input and outptit members and their 
directions of rotation. 


Mechanisms & Linkages 


Approximate Synthesis of Four-Bar 
Linkages. Ferdinand Freudenstein. 
Trans. ASME, Aug., 1955, pp. 853-859; 
Discussion, pp. 859-861. 12 refs. Design 
formulas to generate arbitrary functions 
over a finite range as in computing mech- 
anisms. 

Linkage Layouts by Mathematical 
Analysis. Alfred Kuhlenkamp. Prod. 
Eng., Aug., 1955, pp. 165-170. Method to 
determine number and types of links re- 
quired to obtain a specified relationship 
between input and output. 

3-D Mechanisms. F. R. Erskine Cross- 
ley. Mach. Des., Aug., 1955, pp. 175-179. 
Design factors for conic linkages using 
pivot characteristics of conventional plane 
linkages. 


Transmissions, Clutches, & Drives 


The Design of the Expanding-Shoe Fric- 
tion Clutch. M.J.Cohen. Trans. ASME, 
Aug., 1955, pp. 907-912. 


Materials 


Ceramics & Ceramals 


Cermets—New High-Temperature Ma- 
terials. Robert Steinitz. Jet Propulsion, 
July, 1955, pp. 326-33. 15 refs. Survey 
of relative merits, design requirements, 
fabricational methods, physical proper- 
ties, and development potentialities com- 
pared to standard superalloys. 


Corrosion & Protective Coatings 


Industrial Applications [of] Molybde- 
num Chemistry...: Metal Coatings. Don- 
ald Price. Ind. & Eng. Chem., Aug., 1955, 
pp. 1,511-1,513. 18refs. Essentials of the 
basic processes. 


LE 


These new Lockheeds lea 


in jet-powered flight 


America’s first prop-jet airliner... first prop-jet combat transport... 
fastest propeller-driven airliner... first carrier-based jet trainer...and world’s 


fastest jet fighter—all are in production today at Lockheed. 


Senior pilots of the world’s leading airlines are eagerly \ 
looking forward to the day when they will command x 

\ 
the exciting new Lox kheed Electra—Amierica s first prop- \ 


jet airliner.* 
In the pace-setting Electra, surging jet power is com- <a) ‘i 


bined with proven propeller dependability—enabling 


this giant luxury airliner to whisk passengers in and out 
of existing airports with runway room to spare. Aloft 


the Electra can /oaf along at 400 mph! \ 


*Purchased in quantity by American Airlines and Eastern Air Lines. 


IF YOU'RE A YOUNG MAN, 17 TO 28, INVESTIGATE MILITARY AVIATION AS A CAREER 


C-130 HERCULES, NEW 
PROP-JET COMBAT 
CARGO PLANE—Husky 
brother of the Electra. A 62-ton 
carryall, to transport men and me 
teriel farther, faster and at less cost 
than any other plane! Now @ 
production at Lockheed’s Georgi 
Division, U.S. Government Ai 
craft Plant No. 6 at Marietta. A’ 
shown, a huge 5,000-gallon gas 
line tank-truck can be driven up 
the ramp into the interior of! 
C-130. In background, Lockheee 
built B-47 USAF jet bomber 


NE 
stit 
for 
the 
airl 
unc 


CTRA 
4 
L > 
Mise 


S A CAREER 


JLES, NEW 

COMBAT 
.N E — Husky 
ectra. A 62-ton 
men and me 
rand at less cos 
plane! Now in 
kheed’s Georg 
overnment Air 
at Marietta. As 
)00-gallon 
an be driven up 
he interior ot 4 
und, Lockh 
AF jet bomber. 


NEW JET-POWERED SUPER CONSTELLATION. Achieved by sub- 
stituting prop-jet power for piston engines—a remarkable increase-in-speed trans- 
formation made possible by the rugged construction and advanced basic design of 
the time-tested Lockheed Super Constellations. Result: the fastest propeller-driven 
airliner in the world! The USAF C-121F and the U.S. Navy R7V-2 are now 


undergoing exhaustive flight testing. 


Lockheed 


AIRCRAFT CORPORATION 


California Division, Burbank, Calif. 
Georgia Division, Marietta, Ga. 
Missile Systems Division, Van Nuys, Calif. 
Lockheed Air Terminal, Burbank, Calif. 
Lockheed Aircraft Service, Burbank, Calif. 


LOOK TO LOCKHEED FOR JET LEADERSHIP, TOO 


T2V-1, CARRIER-BASED JET TRAINER. The world’s safest 
jet plane. Embodies Boundary Layer Control and aerodynamically actu- 
ated slats on wing’s leading edge. 

F-104, STILL-SECRET JET FIGHTER. (Photo restricted.) A 
top USAF officer said: “This is a fighter pilot’s dream. We feel confident 
that it is the fastest, highest-flying fighter in the air, anywhere.” 


THE BRIGHT FUTURE OF FLIGHT. At Lockheed’s Missile 
Systems Division and at other Lockheed research centers, over 2,000 
scientists are deeply engaged in projects involving rocket power, ram-jet 
engines and nuclear energy. 
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DIMENSIONAL 
STABILITY... 


IBM chooses Mycalex 410 glass-bonded mica 
for 200 critical parts in each drum assembly of the 
new Type 650 Magnetic Drum Data Processing 
Machine because this combination of precision 
molding and dimensional stability is essential 

for the accurate reading, under varying conditions, 


of up to 20,000 digits of stored data. 


And these other properties too, have helped 
make Mycalex world-famous as “the most nearly 


perfect insulation”: 


> withstands extreme operating temperatures 


> offers total arc resistance 
> possesses low loss and power factors 
> is moldable with tight inserts 


Write today for information concerning your 
particular insulation problem. Address inquiries to 


General Offices and Plant: Dept. 64G 
P.0. Box 311, Clifton, New Jersey. 


MYCALEX 
CORPORATION 


OF AMERICA 
Executive offices 
30 Rockefeller Plaza 
New York 20, N. Y 


SINCE 1919 


The Production of Ductile Electrolytic 
Chromium. H.T.Greenaway. Australia, 
ARL Rep. Met. 6, Dec., 1954. 28 pp. 13 
refs. Plating developments for the ARL 
High Temperature Metals Programme. 

Recent Developments in Chromium 
Diffusion. II]—Application and Proper- 
ties of Chromised Metals. R. L. Samucl, 
N. A. Lockington, and H. Dorner. Metal 
Treatment, Aug., 1955, pp. 336-340. 

Resistance of Tubular Materials to 
Sulphide-Corrosion Cracking. J.P. Fraser 
and R.S. Treseder. Trans. ASME, Aug., 
1955, pp. 817-822; Discussion, pp. 822 


825. 

The Theory of Chromium Plating (The- 
orie der Verchromung). EE. Liebreich. 
(Z. fiir Elektrochemie, Halle, Germany, 
No. 2, 1934, pp. 73-87.) Gt. Brit., MOS 
TIB/T4459, May, 1955. Translation. 
23 pp. 16 refs. Study of the separation 
process from chromic acid solutions by 
cathodic reduction. 


Metals & Alloys 


A Dictionary of Metallurgy. XXXVI— 
Ra-Re. A. D. Merriman and J. S. Bow- 
den. Metal Treatment, Aug., 1955, pp. 
343-350. 

High Temperature Power Plant Mate- 
rials. Alan Levy. Aircraft Eng., Sept.. 
1955, pp. 292-298. Analytical breakdown 
of physical, mechanical, and _fabrica- 
tional characteristics of different metals 
and alloys for use at 1,200°-1,400°F. in 
particular engine applications. 

Rupture of Heat-Resistant Alloys in 
Flame Gas Atmospheres. Edward W. 
Larocca. Jet Propulsion, Aug., 1955, pp. 
396-399. Tests on chromel and nichrome 
at a 920°-1,150°C. temperature range in 
a burning propane flame 


Metals & Alloys, Ferrous 


Domain Configurations and Crystallo- 
graphic Orientation in Grain-Oriented 
Silicon Steel. W. S. Plaxton and T. G 
Nilan. J. Appl. Phys., Aug., 1955, pp 
994-1,000. 

Tension-Impact Properties of Austenitic 
Stainless Steels at Ambient and Low 
Temperatures. A. Choquet, V. N. Krivi- 
bok, and G. Welter. Welding J. Res. 
Suppl., Aug., 1955, pp. 361-s-373-s. 

A Theory of Fatigue-Damage Accumu- 
lation in Steel. D. L. Henry. Trans 
ASME, Aug., 1955, pp. 913-918. 14 
refs. Development of a simple, practical, 
theoretical model to predict the change 
in endurance limit resulting from the 
accumulation of moderate overstressing 
cycles in calculating degrees of fatigue 
damage; applications include analyses of 
the effects of intermittent overstressing 
on aircraft propellers and rotors. 

Tracer Diffusion of Iron in Stainless 
Steel. V. Linnenbom, M. Tetenbaum, 
and C. Cheek. J. Appl. Phys., Aug., 1955, 
pp. 932-936. 17 refs. Surface-activity 
decrease method used to measure over 4 
wide temperature range the effect of varia- 
tions in grain size in the 18-8 typc. 

Weldability and Mechanical Properties 
of Two-Low-Alloy Steels in the Hardened 
and Tempered Condition. B. J. Brad- 
street. Brit. Welding J., Aug., 1955, pp 
347-350. 


‘ot 
CHOOSES IVI 
er 
NS 
W 
its 
al 
se 
re 
Ca 
al 
pe 
arpe 
nt 
ne 
du 
te: 
ti 
hi 
AV 
INSULATOR 


rolytic 
tralia, 
p. 13 
ARL 
ne. 

ymium 
roper- 
amucl, 


Metal 


als to 
Fraser 
, 4Aug., 
822 


(The- 
breich 
rmany, 
, MOS 
slation 
aration 
ons by 


Bow- 
5 


pp. 


Mate- 
, Sept., 
akdown 
fabrica- 
metals 
O° F. in 


loys in 
ard W. 
955, pp. 
ichrome 
ange in 


rystallo- 
Yriented 
qT. % 


955, pp 


ustenitic 
nd Low 
Krivi- 


Accumu- 

Trans 
18. 14 
practical, 
» change 
rom the 
“stressing 
f fatigue 
alvses of 
rstressing 


Stainless 
tenbaum, 
ug., 1955, 
e-activity 
re over a 
t of varia- 
pc. 

Properties 
Hardened 
J. Brad- 
1955, pp 


AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 


13] 


How Boeing aeronautical engineers penetrate the ‘'thermal thicket’ 


When this bank of lights is turned up to 
its full 288 KW, skin temperature of the 
aluminum panel reaches 700° F in a few 
seconds. Data from this and many other 
research projects help Boeing aeronauti- 
cal engineers create planes and missiles 
able to withstand sudden increases in tem- 
perature due to tremendous acceleration. 


Aeronautical engineers work closely 
with engineers in other fields at Boeing. 
[hey are meeting the challenges of future 
flight in guided missiles, supersonics, 
nuclear-powered aircraft, and many other 
projects. More aeronautical engineers are 
needed for truly creative Boeing projects. 
They will join research, design and pro- 
duction teams in structural and flight 
testing, vibration, flutter, plasticity, elas- 
ticity, and other specialties dealing with 
high-performance aircraft of the future. 


Boeing engineers are investigating 
problems never faced before. Often they 
design their own test equipment, like the 
“quick heat” facility shown here. Other 
Boeing-designed equipment includes elec- 
tronic computers of the latest type, a new 
supersonic wind tunnel capable of veloci- 
ties up to Mach 4, test chambers to pro- 
duce extremely low temperatures and 
atmospheric pressures and the superbly- 
appointed, multi-million-dollar Flight 
Test Center. 


A great and ever-growing team of engi- 
neers operates these test facilities and is 
now creating from resulting data the very 
high-speed planes and missiles of a few 
years hence. Because of Boeing’s solid 
growth, there are more than twice as 
many engineers with the company now 


than at the peak of World War II. A 


quarter of them have been with Boeing 
more than 10 years and some for more 


than 30. 


This indicates the security and growth 
potential of a job with Boeing. If you 
want to be a member of aviation’s top 
creative team, it will pay you to investi- 
gate the advantages of a Boeing career. 


JOHN C. SANDERS, Staff Engineer—Persefitel. 
Boeing Airplane Co., Dept. A-45, Seattle E 
e Please send further information 
e | am interested in the advantdges ofa career 
e 
e Name O 
A 
College(s) Cae gree(s) Year(s) 
e Address 
: pw 
Phog@Mimber_ 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 
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Metals & Alloys, Nonferrous 


Axial-Load Fatigue Properties of 24S-T 
and 75S-T Aluminum Alloy as Deter- 
mined in Several Laboratories. H. J. 
Grover, W. S. Hyler, Paul Kuhn, Charles 
B. Landers, and F. M. Howell. (U.S., 
NACA TN 2928, 1953). U.S., NACA 
Rep. 1190, 1954. 25 pp. 12 refs. Supt 
of Doc., Wash. $0.25. 

Hydrogen Contamination in Titanium 
and Titanium Alloys. I—Hydrogen Em- 
brittlement in Alpha-Beta Titanium Alloys 
(Report of WADC Technical Meeting 29 
October 1954). USAF WADC TR 54- 
616, Jan., 1955. 171 pp. Contents: 
Role of Interstitials in Titanium and 
Titanium Alloys, R. J. Kotfila. Hydro- 
gen Embrittlement of Alpha-Beta Tita- 
nium Alloys, Harris M. Burte. Mechanical 
Property Test Methods Used for the 
Evaluation of Hydrogen Embrittlement, 
R. F. Klinger and W. H. Rector. Hydro- 
gen Embrittlement of Alpha-Beta Tita- 
nium Sheet Alloys, G. T. Hahn. Shear 
Cracking of Commercial Ti-8% Mn 
Sheet, G. T. Hahn. The Effects of Heat 
Treatment on Hydrogen Embrittlement 
of a High Strength Titanium Alloy, E. F. 
Erbin. Creep Embrittlement of Tita- 
nium Alloys, D. A. Wruck. The Effects of 
Hydrogen on the Mechanical Properties of 
Titanium, Robert I. Jaffee. Hydrogen 
Levels in Titanium Alloy Materials Used 
for Aircraft and Engine Production, J. W. 
Seeger. Analysis of Titanium, R. E. 
Brocklehurst. Quality Requirements for 
Titanium and Titanium Alloys, H. J. 
Middendrop. 


Nonmetallic Materials 


Metal-Bounding Adhesives for High- 
Temperature Service. John M. Black 
and R. F. Blomquist. U.S., NACA RM 
55FO8, July 28, 1955. 22 pp. 


Dynamic Creep of Plastics. Joseph 
Marin and W. J. Schuman. SPE J,, 
Sept., 1955, pp. 18-21, 54. Theoretical 


approach to the fluctuating stress prob- 
lem based on the assumed creep-stress- 
time relation for simple static tension, 
for the case of a completely reversed axial 
stress superimposed on a static axial 
tensile stress. 

Effect of Fillers on the Dynamical Me- 
chanical Properties of Polystyrene. Law- 
rence E. Nielsen, Robert A. Wall, and Paul 
G. Richmond. SPE J/., Sept., 1955, pp. 
22, 23, 46, 61. 

Viscous Heat Effects in Extrusion of 
Molten Plastics. R. B. Bird. SPE J., 
Sept., 1955, pp. 34-40. 


Testing 


The Analysis of Dynamic Tests of Visco- 
Elastic Materials. E. H. Lee and D. R. 
Bland. SPE J., Sept., 1955, pp. 28-35. 
10 refs. 

Badania nad Wtasnosciami Reologicz- 
nych Uktadéw Rozproszonych (Investi- 
gation of Rheological Properties of Dis- 
persed Systems). M. P. Wotarowicz. 
Rozprawy Inzynierskie (Warsaw), No. 1, 
1955, pp. 3-32. 130 refs. In Polish, with 
summaries in English and Russian. Ap- 
plication of integrational and differential 
experimental methods, with a description 
of instrumentation for rotational and 
capillary tests to determine the rate of 
deformation at any point of a dispersed 


mass; includes an extensive review of the 
literature 

A Combined Dilatometer and Electrical 
Resistivity Apparatus for Studies in Pow- 
der Metallurgy. N. A. McKinnon. J. 
Sci. Instr., Oct., 1954, pp. 383-385. ARL 
(Australia) design and development, with 
testing technique and applications. 

Comparative High-Temperature Prope:- 
ties of British and American Steels. W 
E. Bardgett and C. L. Clark. [ME Proc., 
No. 16, 1954, pp. 465-469. Creep test 
measurements on ferritic and austenitic 
grades in relation to design stresses. 

Deformations Possible in Every Com- 
pressible, Isotropic, Perfectly Elastic 
Material. J. L. Ericksen. J. Math. & 
Phys., July, 1955, pp. 126-128. 

Experimental Technique for Predicting 
the Dynamic Behavior of Rubber. Rich- 
ard Dove and Glenn Murphy. Trans. 
ASME, Aug., 1955, pp. 975-979. Evalua- 
tion of mechanical properties to predict 
characteristics under dy- 
namic loadings. 

Modified Navy Tear Test for Measur- 
ing the Work of Fracture Propagation in 
Ductile Metals. Hugh E. Tomine. Weld- 
ing J. Res. Suppl., Aug., 1955, pp. 396-s 
408-s 


stress-strain 


Mathematics 


The Dirichlet Problem for Nonlinear 
Elliptic Equations. Jane Cronin. Pacific 
J. Math., Sept., 1955, pp. 335-344. 16 
refs. 

Distribution of Sizes of Spheres in a 
Solid from a Study of Slices of the Solid. 
Walter P. Reid. J. Math. & Phys., July, 
1955, pp 95-102. 

Heavy Rotating String—A Nonlinear 
Eigenvalue Problem. Ignace I. Kolodner 
Commun. on Pure & Appl. Math., Aug., 
1955, pp 395—408. 

Nonexistence of Integrals for Canonical 
Systems of Differential Equations. Jiirgen 
Moser. Commun. on Pure & Appl. Math., 
Aug., 1955, pp. 409-436. 12 refs. 

On Compound Convex Bodies. I, II. 
Kurt Mahler. Proc. London Math. Soc., 
3rd Ser., July, 1955, pp. 358-384. 

Rechnerischer Ausgleich von Mess- 


kurvenscharen. H. Freytag. /I/ngen.- 
Arch., No. 3, 1954, pp. 194-202. In Ger- 


man. A method of approach for graphical 
representation problems using calculative 
equalization formulas of calibration curves 
in terms of the dependence of physical 
quantities on two independent functions 
such as temperature and frequency param- 
eters, taking into account matrix co- 
efficients for normal equations and for error 
conditions 

The Technique of Regression Analysis. 
B. B. Day, F. R. Del Priore, and Edward 
Sax. Ind. Quality Control, Aug., 1955, pp 
10-19. 16 refs. 

Three-Dimensional Nomograms. Doug- 
las P. Adams. Prod. Eng., Aug., 1955, pp. 
186-191 Theoretical principles related 
to three basic geometrical techniques; 
applications include analytical problems 
of elasticity and stability. 

The Asymptotic Behaviour of ~-Valent 
Functions. W.K.Hayman. Proc. London 
Math. Soc., 3rd Ser., July, 1955, pp. 257- 
284. 24refs 
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Asymptotic Expansion of Solutions of 
(V2 + k?)u =o. F. G. Friedlander and 
Joseph B. Keller. Commun. on Pure & 
Appl. Math., Aug., 1955, pp. 387-394. 
11 refs. USAF-supported research appli- 
cable to wave-diffraction problems in 
electromagnetic theory, acoustics, and 
optics. 

Generalized Walsh Transform. R. G 
Selfridge. Pacific J. Math., Sept., 1955, 
pp. 451-479. Definitions and analytical 
determination of varied results, such as 
evaluative ones for definite integrals over 
specified intervals, and of basic findings 
for certain transforms and associated ker- 
nels. 

On Factor Functions. R. E. Edwards. 
Pacific J. Math., Sept., 1955, pp. 367-378. 
Application of simplified abstract methods 
of analysis to factor problems, including 
functional transformation other than 
Fourier. 

Reciprocal Extremal Problems in Func- 
tion Theory. Peter D. Lax. Commun. on 
Pure & Appl. Math., Aug., 1955, pp 
437-453. 19 refs. ONR-supported study 
of the problems for bounded analytic func- 
tions in a multiply-connected domain. 

The Reflection Principle for Polyhar- 
monic Functions. Alfred Huber. Pacific 
J. Math., Sept., 1955, pp. 483-439. 


Mechanics 


Metoda Punktéw Kinetycznych 
(Method of Kinetic Points). Kazimierz 
Wolski. Rozprawy Inzynierskie (Warsaw), 
No. 1, 1955, pp. 79-107. In Polish, with 
summaries in English and Russian. Ex- 
tension of dynamic principles to solve 
physical problems such as the spatial 
motion of a solid of arbitrary mass dis- 
tribution. 


Meteorology 


Condensation Trails. R. S. Scorer 
The Aeroplane, Aug. 12, 1955, pp. 240 
243. Analysis of the atmospheric proc- 
esses started by water vapors from the 
engine exhaust, taking into account ice- 
crystal formation, ice-evaporation levels, 
and patterns of air motion. 

The Effect of Wind Shear on Falling 
Precipitation. K. L. S. Gunn and J. S. 
Marshall. J. Meteorology, Aug., 1955, pp. 
339-349. 15 refs. USAF-sponsored par- 
ticle-size sorting analysis. 

Further Improvements in the Electronic 
Dew-Point Hygrometer. Earl W. Barrett, 
Robert L. Slater, and Kenneth E. New- 
ton. J. Meteorology, Aug., 1955, pp 
308-313. USAF-sponsored Cloud Physics 
Project development combines an im- 
proved servoamplifier design, an operat- 
ing-adjustment system, and an optical 
sensing head device for airplane installa- 
tion. 

The Nature and Detectability of Clouds 
and Precipitation as Determined by 1.25- 
Centimeter Radar. Vernon G. Plank, 
David Atlas, and Wilbur H. Paulsen. 
J. Meteorology, Aug., 1955, pp. 358-378. 
38 refs. USAF survey of various cloud 
types and echo characteristics. 

On the Generation of Pressure-Jump 
Lines by the Impulse Addition of Momen- 
tum to Simple Current Systems. Morris 
Tepper. J. Meteorology, Aug., 1955, pp. 
287-297. USAF-supported research. 
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RESEARCH KEEPS a F Go FIRST IN RUBBER 


Actual 14-scale footprint of 12.50-16 tires inflated to 75 lbs. under 12,800 1b. load. 


Which tread gives more landings... 
Dimpled or ribbed? 


pe CAN JUDGE a tire by its foot- 
print. The B. F. Goodrich tread 
pattern on the left gives 10% more 
landings before recapping, on the aver- 
age, than the ribbed design on the right! 


Why? First, take a good look at the 
more compact, more rectangular foot- 
print of the B. F. Goodrich Dimpled 
Tire. That's the result of an overall 
improvement: the tread profile of the 
Dimpled Tire is designed to put more 
tread rubber to work and to spread the 
load more evenly—shoulder to shoulder. 
Unlike the conventional ribbed tire 
Which places most of the load on the 


center ribs, the shoulders of the BFG 
Dimpled Tire bear their fair share of 
the load. 

Second, notice the most significant 
difference between the tread patterns— 
the use of cup-like indentations in the 
B. F. Goodrich Tire. This unique design 
further reduces wear because the tread 
rubber around each dimple is com- 
pressed under load — making it more 
stable and much more resistant to cuts 
and tears. 


Like the first high-pressure Tubeless 
Tire and the first 300 mph Tubeless, the 
Dimpled Tire is another example of 


B. F. Goodrich leadership in research 
and engineering. Latest example: the 
first aviation Tubeless Tires in com- 
mercial service are Dimpled. The B. F. 
Goodrich Company, Tire & Equipment 
Div., Aeronautical Sales, Akron, Ohio. 


BE Goodrich 


AVIATION PRODUCTS 


Tires, wheels, brakes * De-icers Heated rubber « 
Fuel cells « Avtrim « Pressure Sealing Zippers « 
Inflatable seals * Rivnuts * Hose, accessories 
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FOR DATA REDUCTION? 


Over 85% of the torque wrenches 
used in industry are 


“TORQUE WRENCHES 


_ Read or Feel. 


@ Practically Indestructible ga 
@ Faster—Easier to use 


@ Automatic Release 


@ All Capacities 


in inch grams...inch 
ounces,..inch pounds 
.. foot 


(all sizes from 
0-6000 ft. Ibs.) \ 


manufacturer, 
design and 
production man 
should have 
this valuable 
data. Sent upon 
request. 


EN 


NEERING REVIEW 


OUIRE’ 


Investighté the new 
“PCM T 


elemeter at 
PRADIATION, INC. 


-NOVEMBER, 


IATION Inc. 
Avionics Instrumentation 
copE 

MODULATION 


Brochure 


.. How to use the world’s 
smallest, lightest coax 


Write for our helpful free Brochure 
illustrating the world’s only 
complete line of microminiature 
Coax Connectors, Cables, Tools 
and Assemblies, including 
Mininoise° Cable to reduce 
self-generated noise 99% 


MICRODOT 


1826 FREMONT AVENUE 
SO. PASADENA * CALIF 


Missiles 


Development of a Stabilization System 
for the Viking Rocket. WN. E. Felt, Jr. 
Jet Propulsion, Aug., 1955, pp. 392-395, 
399. Design problems of the motor con- 
trol, aerodynamic roll, 
subsystems. 

Factors in Solid Missile Booster Design, 
Alfred J. Zaehringer. Aero Dig., 
1955, pp. 38, 40, 42. 


and thrust reaction 


Aug., 
Primary and second- 


ary design and operational parameters 


such as propellant characteristics, 
configurations, motor 
wall thickness. 

Reliability in Guided Missiles. R. P. 
Haviland. Jet Propulsion, July, 1955, 
pp. 321-325, 330 Review of 
mental aspects of the problem, 
parameters and a complete 
procedure for its solution 

27 Rules for Guided Missile Design 
Engineers. Robert Lusser Tele-Tech, 
Aug., 1955, pp. 86, 87. Recommended 
standards based on a concept of ‘‘absolute 
reliability.” 

The U.S.A.F.’s Operational 
Missile. John Fricker. The 
Aug. 26, 1955, pp. 300-306. Dynamic 
and mechanical design and_ structural 
characteristics of the Martin TM-6l 
Matador 


grain 


funda- 
with life 
analv tical 


Guided- 


Aeroplane, 


Navigation 


A Chart for Steady Circling Flight. 
E. Sponder. J. RAeS, Aug., 1955, pp. 
568-571. Flight path plotting of a gener- 
ally valid chart by eliminating the effect 
of aerodynamic 
particular aircraft. 


characteristics of any 


Noise Reduction 


A Note on the Sound from Weak Dis- 
turbances of a Normal Shock Wave. 
Alan Powell. Gt. Brit., ARC CP 194 
(Apr., 1954), 1955. 10 pp. BIS, New 
York. $0.40. Acoustical analytical re- 
sults applied to the jet-noise problem. 

Problems of Noise in Helicopter Design. 
E. J. Richards. J. Helicopter Assn. Gt. 
Brit., July, 1955, pp. 225-256; Discussion, 
pp. 256-265. 21 refs. Study of noise- 
source factors, such as lift and drag of 
the rotor, gears, and exhaust units, using 
available data from winged-aircraft ex- 
perience, with sound-level reduction cri- 
teria. 


Parachutes 


The Development of the N.A.E. Re 
peating Parachute. H. T. Stevinson and 
P. Mandl. (CAI Ist Annual Meeting, 
Toronto, May 19, 20, 1955, Preprint.) 
Canada, NAE Rep. 2 (Quart. Bul.), 1959, 
pp. 1-11 (21 pp.) 


Photography 


Requirements of Military Aircraft De 
sign for Aerial Photography. George W. 
Goddard. Aero. Eng. Rev., Oct., 1959, 
pp. 66-69. Equipment design problems 
related to temperature and shock-wave 
interference at high speeds, with recom- 
mended solutions. 
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ANOTHER 
EASTERN ROTORCRAFT 
PRODUCT 


The Model A-2 10,000-lb capac- 
ity Cargo Net for securing low 
density shipments. Ideal for use 
with palletized loads. Supple- 
ments ERC’s other lines of 
Tyzem®) tie-down equipment 
which ranges in capacity from 
500-lb web to 25,000-lb 
chain units. 


ERC also specializes in the 
development and manufacture of 
helicopter mechanical assemblies, 
transmission test stands, cargo 
slings and release hooks. 


EASTERN ROTORCRAFT 


CORPORATION 
DOYLESTOWN, PENNA. 


Engineering 
Versatility 


If you enjoy diversified assign- 
ments, check your opportunity 
with Fairchild. We're looking 
for engineers experienced in 


esig 
Engineering 


EMPLOYMENT 
MANAGER 


ENGINE. AND AIRPLANE CORPORATION 


IRCHILD 
Division 


805 PENNSYLVANIA AVENUE 
HAGERSTOWN, MARYLAND 


AERONAUTICAL REVIEWS 


The Measurement of High Speed Air 
Velocity and Temperature Using Sound 
Wave Photography. D.E. Elliott. Aerc. 
Quart., Aug., 1955, pp. 181-195. 


Physics 


A New Pulse Method to Measure Ultra- 
sonic Absorption in Transparent Liquids 
(Saydam Sivilarda Ultrasonik Absorp- 
siyonu Olemek Icin Yeni Bir Puls 
Metodu). Ayhan Cilesiz. Jstanbul U. 
Fac. Sci. Rev., Ser. C, Apr., 1955, pp. 94- 
112. 16 refs. 

Recent Research in the Division of 
Acoustics, National Physical Laboratory of 
India, New Delhi. SS. Parthasarathy. 
J. Sci. & Ind. Res., Sect. A, July, 1955, pp. 
326-352. 35 refs. Survey of investiga- 
tions, including factors of the absorption of 
ultrasonic waves, crystal oscillations, 
thermosonics, physical and chemica as- 
pects, wave-diffraction of light, and sound 
propagation in liquids. 


Power Plants 


British Power Units 1955. Flight, 
Sept. 2, 1955, pp. 387-398. Includes 24 
designs, with description of development, 
specifications, and performance data. 

The Oxidation, Decomposition, Ignition, 
and Detonation of Fuel Vapors and Gases. 
XXV—The Transition from Spark"to Nu- 
clear Ignition as Compression Ratio is 
Raised. R. O. King and A. B. Allan. 
XXVI—The Effect of Flow Configuration 
on the Oxidation and Ignition of Hydre- 
gen in Mixtures with Air Supplied to Ver- 
tical Combustion Tubes of Various Mate- 
rials. R. O. King, S. Sandler, and R. 
Strom. Can. J. Tech., Sept., 1955, pp. 
335-347, 388-407. 11 refs. 


Jet & Turbine 
Alternate Fuel Source for All Constel- 


lations. A. L. Swope. Lockheed Field 
Serv. Dig., July-Aug., 1955, pp. 1-4, 
cutaway drawing. Lockheed-Wright 
Aero. Div. development permitting man- 


ual control of fuel flow up to and in- 
cluding maximum cruise power when the 
air-metering system becomes inoperative. 

Definitions of the Thrust of a Jet En- 
gine and of the Internal Drag of a Ducted 
Body. W. A. Mair, and others. (Gt. 
Brit., ARC CP 190, 1955). J. RAeS, 
Aug., 1955, pp. 517-526. 10 refs. 

Fabrication of Air-Cooled Turbine 
Blades by Powder Metallurgy. R.W. A. 
Buswell. Metal Treatment, Aug., 1955, 
pp. 325-328. Design, material selection, 
production processes, and other factors 
of a method for making blades and nozzle 
vanes as used in an experimental turbine 
operating at mean gas inlet temperatures 
up to 1,100°C. 

Maintenance of the Rolls Royce Dart 
505. W. P. Calvert. J. SLAE, July, 
1955, pp. 38-13. Includes a check manual 
and a brief survey of the power, fuel, and 
other control systems. 

Preliminary Performance Data of Sev- 
eral Tail-Pipe-Cascade-Type Model 
Thrust Reversers. James G. Henzel, Jr., 
and Jack G. McArdle. U.S., NACA RM 
E55FO9, Aug. 29, 1955. 48 pp., cutaway 
drawing. Development of design criteria 
for symmetrical and asymmetrical cas- 
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MARS 


Staedtler has been 

coming up with something 
new in pencils ever since 
the first Staedtler 

pencils were made 

three centuries ago. 


Now it’s the new, 
sturdy, solid brass 

lead sharpener built into 
the Technico Mars- 
Lumograph push-button 


HAVHDOWNI-SUYW UGIVLS ST D TOOL 


= lead holder. Saves you 
9 work, time, money. 
z Get the imported Mars 
© Technico lead holder 
and leads today— 
, they are the best, 


yet cost no more. 


The 1001 Mars Technico clutch mech- 
anism holds leads securely; light in 
weight, perfectly balanced; $1.50 
each, less in quantity. 

1904 Mars-Lumograph leads are so 
opaque, inking-in is unnecessary; 
won't flake or smudge, give better 
reproduction. Perfectly graded in 
18 degrees—EXB to 9H; $1.20 doz., 
less in quantity. 


J.S. STAEDTLER. INC. 
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at all good engineering and 
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cade blade shapes over a range of exhaust- 
nozzle pressure ratios between 1.2 and 
2.4. 

The Combustion Characteristics of a 
Cylindrical-Rod Burner System. E. M. 
Goodger. Coll. of Aeronautics, Cranfield, 
Rep. 90, June, 1955. 24 pp. MOS- 
supported development of a combustion 
chamber in which fuel is fed under grav- 
ity down the surfaces of vertical cylinders 
located normally to the air stream. 

Empirical Equations for Specific Heat. 
W. R. Thomson. Aircraft Eng., Aug., 
1955, pp. 251-253. Expressions for air 
and the products of combustion for hydro- 
carbon fuels over the operating range of 
gas turbines and ram-jets. 

High Temperature Reaction Rates in 
Hydrocarbon Combustion. John P. Long- 
well and Malcolm A. Weiss. Ind. & Eng. 
Chem., Aug., 1955, pp. 1,634-1,643. 17 
refs. Fundamental NAVORD study fea- 
turing an experimental ideal reactor de- 
sign simulating a perfectly stirred flow 
system at steady state to be applied to 
combustion chambers of supersonic air- 
craft and missiles. 

Studies for a New Hot Air Engine. 
I—A Principal Thermodynamic Analysis. 
II—A Further Thermodynamic Analysis. 
H. A. Havemann and N. N. Narayan 
Rao. J. Indian Inst. Sci., Sect. B, July, 
1955, pp. 224-291. 19refs. Fundamental 
research on an exhaust-heated open-cycle 
gas-turbine design, including the factors 
of expansion ratio, cylinder configura- 
tions, process of heat addition, the effects 
of compression and expansion, the multi- 
stage cycle, air consumption, and part- 
load operations. 


Reciprocating 


Exhaust Valve Corrosion in Gasoline 
Engines. C.H. Allen and M. J. Tauschek. 
Auto. Ind., June 1, 1955, pp. 52-55, 116, 
118. (Also in Engr. Dig., Aug., 1955, pp. 
375, 376). Includes an analysis of the 
properties of TPM alloys for aircraft 
engine components. 


Production 


Special Issue: Commonwealth Aircraft 
Industries. Flight, Aug. 26, 1955. 143 
pp. Partial contents: Aircraft of the 
Commonwealth—1955. The Canadian 
Industry. The Australian Industry. 
Commonwealth Directory. 

Structural Features of the Fokker 
Friendship; Design Details Contributing 
to Efficient Production and Economical 
Operation. R. J. Schliekelmann. A/ir- 
craft Eng., Sept., 1955, pp. 313-315. New 
fabricational techniques of forging, bond- 
ing, and the use of reinforced plastics for 
the F.27. 


Metalworking 


The Influence of Tap-Drill Size and 
Length of Engagement Upon the Strength 
of Tapped Holes. C. J. Oxford, Jr., and 


J. A. Cook. Trans. ASME, Aug., 1955, 
pp. 897-905; Discussion, pp. 905, 906. 
10 refs. 


An Investigation Into the Effect of the 
Application of Sub Sonic Vibrations Dur- 
ing the Period of Solidification of Castings 
with Particular Reference to a Material 


ENGINEERING REVIEW 


for Gas Turbine Blades—‘‘H. R. Crown 
Max.’’ Appendix I—Results of Mechani- 
cal Tests on Castings. Appendix II—Com- 
parison of Microstructures. §S. Hinchliff 
and Josiah W. Jones. Coll. of Aeronautics, 
Cranfield, Rep. 89, Apr., 1955. 42 pp. 

The Iron-Oxygen Combustion Process; 
A Study Related to Oxygen Cutting. A. A. 
Wells Welding J., Sept., 1955, pp 
392-400 10 refs. 

Proper Stock Removal in Finishing Case 
Hardened Parts. D. F. Hammer. Steel 
Processing, Aug., 1955, pp. 489-494. 

Report on the Machinability of Aircraft 
Steel D.T.D. 331 (B.S.S.99) Using H.S.S. 
Tools. J. Cherry. Cull. of Aeronautics, 
Cranfield, Note 25, Apr., 1955. 28 pp. 

Rolls-Royce Dart; The Manufacture of 
Components for an Airscrew-Turbine 
Power-Unit. I—Turbine-Blades: Ma- 
chining and Inspection Techniques. A/ir- 
craft Prod., Sept., 1955, pp. 340-350. 

Steel Spar-Booms. I—Techniques 
Used at Sir W. G. Armstrong Whitworth 
Ltd., Coventry, for Machining High- 
Tensile Steel Main-Spar Root End Booms; 
Initial Operations. Aircraft Prod., Sept., 
1955, pp 374-382. 


Production Engineering 


The Application of Statistics to Simple 
Fixed-Gage Design. H.C. Charbonneau. 
Trans. ASME, Aug., 1955, pp. 949-956. 
Inspection and quality control principles 
and techniques, including those of the 
bilateral and unilateral systems of toler- 
ances 


Tooling 


Advancements in Tube Swaging Meet 
Design Challenge. E. Tollefsen and L 


Pickrell Tool Engr., Sept., 1985, pp. 
151-154. Application to aircraft construc- 


tion requirements. 


Welding 


Effect of Preheating on Residual Stres- 
ses in Mild-Steel Welds. L. E. Benson 
and S. J. Watson. Brit. Welding J., 
Sept., 1955, pp. 372-376. 

Effects of Interstitial Elements on Weld- 
ability of Titanium Alloy Sheet. I. H.M. 
Meyer. Welding J. Res. Suppl., Aug., 
1955, pp. 379-s-393-s. Methods of prepa- 
ration, treatment, and testing of the alloy 
sheet; mechanical properties of weld 
ment in three base alloys. 

Some Investigations of the Causes of 
Halo Formation. K. Winterton. Brit 
Welding J., Sept., 1955, pp. 385-392. 

Welding Titanium Sheet; Investiga- 
tions into the Applications of Fusion- 
Welding Without Filler-Rod: Tempera- 
ture and Ductility. Alan V. Levy and 
Robert Wickham. Aircraft Prod., Sept., 


1955, pp. 352-357. 


Propellers 


Direct Calculation of Propeller De- 
flection. S. M. Ramachandra. J. Aero. 
Sci., Oct., 1955, pp. 726-728. Develop- 
ment of a simple noniterative method to 
calculate the deflection obtained by a 
finite difference approximation of the dif- 
ferential equation governing the bending 
moment. 

Experimental Stress Analysis Applied to 
Propeller Blades. Percy W. Ott. Ohio 


-NOVEMBER, 
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State U. Eng. Exp. Sta. News, July, 1955, 
pp. 21-25. USAF-sponsored research 
taking into account subsonic and super- 
sonic speed requirements, solid hol- 
low blade advantages, internal rib struc- 
tures, and other design factors. 


Reference Works 


Badania nad Wtasnosciami Reologicz- 
nych Uktadéw Rozproszonych (Investi- 
gation of Rheological Properties of Dis- 
persed Systems). M. P. Wolarowicz. 
Rozprawy Inzynierskie (Warsaw), No. 1, 
1955, pp. 3-32. 130 refs. In Polish, with 
summaries in English and Russian. In- 
cludes a comprehensive bibliography 

Special Issue: Britain’s Aircraft Indus- 
try. Flight, Sept. 2, 1955. 319 pp. Par- 
tial contents: British Aircraft 1955 
British Power Units 1955. Accessory De- 
velopments. Military Aircraft Tabulated. 
The Ancillary Industry; Products and 
Services: A New ‘‘Flight’’ Directory 

Special Issue: Commonwealth Aircraft 

Industries. Flight, Aug. 26, 1955. 148 
pp. Partial contents: Aircraft of the 
Commonwealth—1955. The Canadian 
Industry. The Australian Industry. 
Commonwealth Directory 
_La Théorie des Profils Minces en 
Ecoulement Non Stationnaire en Fluide 
Incompressible ou Compressible.  R. 
Timman. (France, Min. de Air PST 
296, 1955.) Netherlands, NLL Rep. MP. 
69, 1955. 47 pp. 60 refs. In French. 
Includes a comprehensive bibliography 
covering problems of nonuniform motion 
of thin wings such as harmonic vibrations, 
wind-tunnel corrections for oscillating air- 
foils, propulsion of a flapping wing, and 
flutter at supersonic speeds 


Rotating Wing Aircraft 


De SO-1221 Djinn, Prototype van 
Eenvoudige ‘‘Volkshelicopter’’—Een Frans 
Succesnummer. Avia Viliegwereld (Neth- 
erlands), Aug., 1955, pp. 427-429, cut- 
away drawings In Dutch Design, 
structural, and performance characteris 
tics. 

The Design of Small Helicopters from 
the Economical Aspect. P. R. Payne 
Flight, Aug. 12, 1955, pp. 220-222. 

Helicopter Maintenance. J. H. Willans 
J. Helicopter Assn. Gt. Brit., July, 1955, 
pp. 200-213; Discussion, pp. 213-224. 
BOAC check schedules of inspection and 
overhaul periods as related to fatigue, 
economic, and other factors 

Hunting Percival’s P.105 Helicopter 
Project with a Fuselage-Mounted Rotor 
Generator Unit. The Aeroplane, Aug. 5, 
1955, pp. 203-206, cutaway drawing. 

The Napier Oryx N.Or.1, 750 g.h.p. Gas 
Generator. The Aeroplane, Aug. 5, 1955, 
pp. 207-213, cutaway drawings. Design 
for the Hunting Percival P.74, with per- 
formance characteristics. 

Spain’s Aerotecnica AC-13. U. Kinde- 
lan. Am. Helicopter, July, 1955, pp. 8 
10, 14, 15. Design, safety equipment, 
and performance factors. 

Influenta Efectului Giroscopic al Roto- 
rului in Stabilitatea Longitudinala a 
Elicopterului (Influence de 1’Effect Gyro- 
scopique du Rotor sur la Stabilité Longi- 
tudinale del’Hélicoptére). Al. Marinescu- 
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Rumania, Acad. Rumanian People’s Rep., 
Inst. Appl. Mech., Studies & Res. in 
Appl. Mech., July—Dec., 1954, pp. 323- 
339. In Rumanian. Motion study of the 
gyroscopic effects of the rotor on longi- 
tudinal stability. 

Rotating-Stall Characteristics of a Rotor 
with High Hub-Tip Radius Ratio. Elea- 
nor L. Costilow and Merle C. Huppert. 
U.S., NACA TN 3518, Aug., 1955. 59 
pp. 1l5refs. 

Transition from Hovering to Vertical 
Autorotation with Subsequent Checking of 
Rate of Descent (Overgang naar en Afvan- 
gen uit Verticale Autorotatie). J. Meijer 
Drees and L. R. Lucassen. (Netherlands, 
NLL Rep. V.1563, 1951). Gt. Brit., MOS 
TIB/T4460, July, 1955. 13 pp. Trans- 
lation. 


Safety 


Chemical Action of Halogenated Agents 
in Fire Extinguishing. Frank E. Belles. 
U.S., NACA TN 3565, Sept., 1955. 28 
pp. 25 refs. Interpretation of flam- 
mability-peak data as applied to the study 
of the prevention of flame propagation in 
fuel-air mixtures. 

Turbulence in Flight. J. Willett. The 
Log, Sept., 1955, pp. 228-231. Survey 
of accident types and their causes. 


Space Travel 


Artificial Satellite, Unification and Me- 
chanics (Sidar-Mechanics). A. Boni. 
Astronautica Acta, Fasc. 3, 1955, pp. 120- 
136. 14 refs. Survey of prime problems, 
including orbital factors, space-station 
links, gravitational fields, atmospheric 
phenomena, and nomenclature. 

Dynamic Problems of Interplanetary 
Flight. Derek F. Lawden. Aero. Quart., 
Aug., 1955, pp. 165-180. 16 refs. In- 
vestigation of basic factors of missile 
space navigation in terms of optimum 
rocket trajectories and velocities, mini- 
mum fuel expenditure, maximum range, 
and applicable analytical techniques. 

The Incremental-Step Rocket in Free 
Space. Hugh R. Wahlin. Jet Propulsion, 
July, 1955, pp. 347-349. Analysis of the 
L.S.R.-type design and operational char- 
acteristics as compared to conventional 
rockets. 


Structures 


Certain Aspects of the Problem of Ef- 
ficient Structural Design. B. Klein. J. 
Franklin Inst., Aug., 1955, pp. 107-114. 
22 refs. Analysis to illustrate the power 
of the use of Lagrangian multipliers in 
solving a fairly complicated problem. 

The Design of Magnesium Airborne 
Packages. H. R. Bullock. Mag. of 
Magnesium, Aug., 1955, pp. 2-6. Sheet- 
metal structural analysis, including stress- 
strain properties and strength calcula- 
tions on columns, beams, stiffeners, webs, 
truss and flange loads, and compression 
members. 

Determination of the Stress Distribu- 
tion in Reinforced Monocoque Structures. 
I—A Theory of Flat-Sided Structures. 
Appendix I—That the Equations of Com- 
patibility are Consistent with the Strain 
Energy Being Rendered a Minimum. 


AERONAUTICAL REVIEWS 


A career, 
too, 


can move straight up 


Specialists in WTO: Take a look at Fairchild’s 


progress in this exciting field of modern aviation! 


Here is real opportunity to make your mark in this 
important work, offered by the fast-growing, pro- 
gressive organization that gave the world the famous 
C-119 Flying Boxcar and C-123 Provider. For now 
at Fairchild extensive research and development pro- 
grams are in progress to create new VTO craft, as 
well as transports, fighters and missiles. 


If you have experience in this field, and can make 
genuine contributions to its advancement, then you 
have an important place at Fairchild, and the chance 
to move straight up in your profession. 


Consider, too, the added advantages of living and 
working close to Baltimore and Washington, in the 
attractive Cumberland Valley, where housing, schools 


and recreational facilities are among the nation’s 


finest. And, Fairchild’s salary plan, paid pensions, 


health, hospitalization and life insurance benefits give 


you extra security in which to build your future. 
Send a detailed resume of your experience to Walter 
Tydon, Chief Engineer. All correspondence will be 
kept in strictest confidence, of course. 


whee The to 


Division 


HAGERSTOWN. MARYLAND 
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AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 1955 


TO THE FINE ENGINEERING MIND 


SEEKING THE CHALLENGING PROJECTS IN 


ELECTRO - MECHANICAL DESIGN 


ELECTRO-MECHANICAL DESIGN ENGINEERS are offered 
outstanding career opportunities now as members of the staff of 
Convair’s Electronics and Engineering Laboratories in beautiful 
San Diego, California. We especially need engineers who have 
demonstrated the ability to design and develop precision electro- 
mechanical equipment including: airborne radars, microwave 
equipment, servomechanisms, telemetering and data reduction sta- 
tions, auto pilots, flight instruments, gyro devices, and the like. 
Formal engineering education and up-to-the-minute knowledge 
of modern materials and shop practices are essential qualifications. 


CONVAIR offers you an imaginative, explorative, energetic engi- 
neering department to challenge your mind, your skills, and your 
abilities in solving the complex problems of vital, new, immediate 
and long-range programs. You will find salaries, facilities, engi- 
neering policies, education opportunities and personal advantages 
excellent. 


Generous travel allowances to engineers who are accepted. 


Write at once enclosing full resume to: 
H. T. Brooks, Engineering Personnel, Dept. 511 


CONVAIR. 


A Division of General Dynamics Corporation 
3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 


Lovely, sunny, SMOG-FREE SAN DIEGO, ever-growing area of 
three-fourths million people, offers you and your family a way of 
life judged by most as the Nation’s finest for climate, natural 
beauty and easy (indoor-outdoor) living. Housing is plentiful 
and reasonable. 


Appendix II—Numerical Illustrative Ex- 
ample with Experimental Verification, 
Appendix III—Closely Spaced Ribs. Ap- 
pendix IV—Determination of the Stress 
Distribution in a More General Shell 
Model Including the Effect of Stringer 
Bending and Twisting. L.S. D. Morley. 
Gt. Brit, ARC’ R&M 2879 (Dec., 1951), 
1955. 23 pp. 10 refs. BIS, New York, 
$1.50. 

Some Problems of Structural Safety, 
A. H. Chilver. Brit. Welding J., Aug, 
1955, pp. 333-339. 21 refs. Analysis of 
the fundamental aspects of the variations 
in structural strength and the loads on 
structures, including the nature of low- 
and high-intensity gusts. 


Bars & Rods 


Przypadek Jednoczesnego Rozciagania 
i Skrecania Preta o Przekroju Kotowym w 
Zakresie Sprezysto-Plastycznym (The 
Problem of Combined Tension and Tor- } Desig 
sion of a Circular Bar in the Elasto-Plastic 
Range). Michat Zyczkowski. Rozprawy dynan 
Ingynierskie (Warsaw), No. 2, 1955, pp. year " 
285-322. 14 refs. In Polish, with sum- 
maries in English and Russian found 

Theorie der elastischen Ringe starker privat 
Kriimmung. F. kK. G. Odqvist. JIJngen.- 
Arch., No. 2, 1954, pp. 98-107. In Ger- Lock] 
man. Investigation of the problem of 
sharply curved closed or open rings of to tes 
any cross section based on the theoretical 


ingtor 

treatment for bent bars as an extension of 
the Grammel findings. such | 
of ic 


Beams & Columns 


The Effect of Curvature on the Centre of chan} 
Shear. W. Johnson. J. RAeS, betwe 
1955, pp. 562-565. Analysis for cases of ; 
beams with the center line curved slightly calibi 
or heavily as in thin-walled sections of a 
channel or a semicircle 

Expressions for Circular Section Bow 
Girders Carrying a Concentrated Load. 
W. Johnson. The Engr., July 29, 1955, 
pp. 145, 146. 


Connections 


The Fatigue Diagram for Fluctuating 
Tension of Single Lap Joints of Clad 24 
S-T and 75 S-T Aluminium Alloy with 
2 Rows of 17 S Rivets. W. Klaassen 
and A. Hartman. Netherlands, NLL Rep. 
M. 1980, Apr. 1, 1955 26 pp 

Improvements in the Fatigue Strength 
of Joints by the Use of Interference Fits. 
W. A. P. Fisher and W. J. Winkworth. 
Gt. Brit., ARC R&M 2874 (May, 1952), 
1955. 17 pp. BIS, New York. $1.25. 
Tests on aluminum-alloy flat bars with a Re 
single hole loaded by a pin in double 


shear. 

Loosening and Fatigue Strength of f Ther 
Bolted Joints. M. Boomsma. Engr. Tom 
Aug. 26, 1955, pp. 284-286. 12 refs. after 


Test results on such aspects as stress loss 
for a given amount of lineal loosening, 
elastic behavior patterns, causes of loosen- 
ing, and practical experience 
Photoelastic Investigation in Connection 
with the Fatigue Strength of Bolted Joints. 
H. T. Jessop, C. Snell, and G. S. Holister. 
Aero. Quart., Aug., 1955, pp. 230-239 
Static and Fatigue Strength of Fillet- 
Weld Connections Between Rolled Angle 
Sections and Gusset Plates. F. Koenigs- 
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Carl Vrooman, icing tunnel group 
head, studies hot-air cyclic de-icing 
test on wing section of C-130 
transport. The tunnel has a 
temperature range of —40° F. to 
+150° F. and maximum air speed 
of more than 270 mph. 


Icing tunnel speeds 
thermodynamics 
research at Lockheed 


Designed to meet a constantly increasing volume of thermo- 
dynamics work, Lockheed’s icing research tunnel provides 
year round testing in meteorological environments normally 
found only in flight. It is the first icing research tunnel in 
private industry. 


Lockheed thermodynamics scientists were formerly limited 
to testing time available at installations such as Mt. Wash- 
ington. Now they are able to study in greater detail problems 
such as: thermal anti-icing; cyclic de-icing; various methods 
of ice removal; distribution of ice; rate of temperature 
changes in aircraft components; thermodynamic correlation 
between laboratory and flight testing; and development and 
calibration of special instrumentation. 


B.L. Messinger, department head, analyzes test results with 
Thermodynamics Engineer E. F. Versaw and Thermodynamicist 
Tom Sedgwick. The report was in their hands only two days 
after it was decided to conduct the test. 


Lockheed AIRCRAFT CORPORATION 


CALIFORNIA DIVISION 


COlifornia 


C. H. Fish, design engineer assigned to the tunnel, measures impingement 
limits of ice on C-130 wing section. The tunnel has refrigeration 
capacity of 100 tons, provides icing conditions of 0 to 4 grams 

per cubic meter, droplet sizes from 5 to 1000 microns. 


Thermodynamics 
career opportunities 


Increasing development work on nuclear energy, turbo-com- 
pound, turbo-prop and jet transports, radar search planes and 
supersonic aircraft has created a number of positions for 
Thermodynamics Engineers and Thermodynamicists. 


Lockheed offers you increased salary rates now in effect; 
generous travel and moving allowances; an opportunity to 
enjoy Southern California life; and an extremely wide range 
of employee benefits which add approximately 14% to each 
engineer’s salary in the form of insurance, retirement pension, 
sick leave with pay, etc. 


You are invited to write for a brochure describing life and 
work at Lockheed and an application blank. Address E. W. 
Des Lauriers, Employment Manager. Dept. T-5-11. 


: 
| 
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berger and H. W. Green. Brit. Welding J. 
Sept., 1955, pp. 369-372. 

Static Strength and Fatigue Properties 
of Threaded Bolts. Waloddi Weibull. 
Sweden,  Flygtekniska  Férséksanstalten, 
FFA Medd. 59, 1955. 25 pp. Measure- 
ments of tensile strength and fatigue 
lifetimes at five stress levels of double- 
screw joints. 


Cylinders & Shells 


The Stress Analysis of the Circular 
Conical Fuselage with Flexible Frames. 
W. J. Goodey. J. RAeS, Aug., 1955, pp. 
527-550. Investigation using the mini- 
mum-strain energy method of the problem 
of skin-and-stringer-covered circular fuse- 
lage subjected to an arbitrary load distri- 
bution in the planes of the frame or on 
the end cross sections. 

Stresses from Local Loadings in Cylin- 
drical Pressure Vessels. P. P. Bijlaard. 
Trans. ASME, Aug., 1955, pp. 814-816. 
Derivation of formulas for deflections, 
bending moments, and unit membrane 
forces. 

Die Wurzeln der charakteristischen 
Gleichung fiir das kreiszylindrische Rohr. 
E. R. Berger. Ingen.-Arch., No. 3, 1954, 
pp. 156-159. In German. The roots of 
characteristic equations for circular cylin- 
drical tubes 


Elasticity & Plasticity 


Einige Anwendungen eines _nicht- 
linearen Elastizititsgesetzes. FF. Jindra. 
Ingen.-Arch., No. 2, 1954, pp. 121-144. 
In German. Applications of the Kauderer 
general nonlinear elasticity law for small 
distortions to elasto-mechanical prob- 
lems; evaluation of the bending of a rec- 
tangular strip by a single force using the 
Airy stress functions. 

On Certain Second-Order Effects in the 
Limit Design of Frames. E. T. Onat. 
J. Aero. Sci., Oct., 1955, pp. 681-684. 
Analytical determination of the rate of 
required load increase to enforce a quasi- 
static motion of framed structures of 
ideally-plastic rigid or rigid-plastic strain- 
hardening materials. 

Rapid Creep in Structures. N. J. 
Hoff. J. Aero. Sci., Oct., 1955, pp. 661- 
672, 700. 48 refs. USAF-sponsored 
study at tthe Polytech. Inst. of Bklyn. 
of the effects of creep on the stress dis- 
tribution,.and of the modes of creep fail- 
ure in aircraft and missiles as related to 
aerodynamic heating in supersonic flight. 

A Simplified Method for Determining 
Flexural Strength. L. H. Symes. Mach. 
Des., Aug., 1955, pp. 163-168. Graphical 
technique based on the Cozzone approach 
to calculate the bending strength for dif- 
ferent materials and section shapes in the 
plastic range, with analytical design data. 

Step and Impact Loads on Some Non 
Linear Structural Elements. J. P. Ben- 
them. Netherlands, NLL Rep. S. 455, 
Apr. 28, 1955. 47 pp. 41 refs. Includes 
a comprehensive review of the literature. 

Technika Elastooptycznych Badafi Plas- 
kiego Stanu Naprezenia (The Technique 
of Photoelastic Investigation of Plane 
States of Stress). Jerzy Tadeusz Pindera. 
Rozprawy Inzynierskie (Warsaw), No. 1, 
1955, pp. 109-176. In Polish, with sum- 
maries in English and Russian. 


Uber den Reziprozititssatz der Dy- 
namik der elastischen Kérper. D. Graffi. 
Ingen.-Arch., No. 1, 1954, pp. 45, 46. In 
German. On the reciprocity law in the 
dynamics of elastic bodies. 

Uber die Lésung ebener Elastizitatsauf- 
gaben in komplexer und hyperkomplexer 
Darstellung. K.Stahl. IJngen.-Arch., No. 
1, 1954, pp. 1-20. 23 refs. In German. 
Use of complex and hypercomplex stress 
functions in finite elasticity problems, 
with the behavior of the functions com- 
pared to variations of coordinate systems, 
and with the stress components expressed 
in terms of curvilinear, orthogonal co- 
ordinates. 


Plates 


The Buckling of a Clamped Parallelo- 
gram Plate Under Combined Bending and 
Compression. J. Guest. Australia, ARL 
Rep. SM. 227, Mar., 1955. 17 pp. 

Buckling of Rectangular Plates Under 
Bi-Axial Compression. J. S. Przemieniecki. 
J. RAeS, Aug., 1955, pp. 566-568. 

An Experimental Investigation of Stress 
Diffusion in Non-Buckling Plates. L. H. 
Mitchell Gt. Brit. ARC R&M 2878 
(May, 1952), 1955. 20 pp. 22 refs. 
BIS, New York. $1.25. 

Normal Loading on a Wedge-Shaped 
Plate. D. E. R. Godfrey. Aero. Quart., 
Aug., 1955, pp. 196-204. Expression of 
the thin-plate theory equations in terms 
of polar coordinates applying the Mellin 
transform to develop a complete formal 
solution for the stress resultants and 
couples. 

Stress Analysis of Triangular Cantilever 
Plates; A Theoretical Investigation Us- 
ing the Inextensional Theory for Thin 
Plates. E.H. Mansfield and P. W. Klee- 
man. Aircraft Eng., Sept., 1955, pp. 
287-291. 

Teoria Nosnosci Granicznej Plyt w 
Swietle Weryfikacji Doswiadczalnej (La 
Théorie de la Charge Limite des Plaques 
sous l’Aspect de sa Vérification Expéri- 
mentale). I. Wactaw Olszak and Antoni 
Sawezuk. Rozprawy Inzynierskie (War- 
saw), No. 2, 1955, pp. 179-2538. 32 refs. 
In Polish, with summaries in French and 
Russian. Experimental problems of the 
theory of boundary limits in isotropic 
and anisotropic plates. 

Zagadnienia Nosnosci Granicznej Ele- 
mentéw Rozciaganych i Zginanych w 
Zastosowaniu do Teorii Zbiornikéw Pros- 
tokatnych (Some Problems of Limit Anal- 
ysis of Elements Subjected to Tension 
and Bending and Their Application to the 
Theory of Rectangular Tanks). Antoni 
Sawezuk. Rozprawy Inzynierskie (War- 
saw), No. 2, 1955, pp. 255-284. 18 refs. 
In Polish, with summaries in English and 
Russian. Analysis based on existing 
solutions for plates subjected to bending. 

Waffle Beading for Stiffening Sheet 
Metal Panels. Bernhard Rogge. Prod. 
Eng., Aug., 1955, pp. 171-175. Design, 
flexural, torsional, and rigidity character- 
istics; applications. 


Testing 


A Practical Method of Fatigue Stress 
Analysis; A Method Derived from Pub- 
lished Results of Fatigue Tests for Applica- 
tion to Problems of Design. W. H. Bur- 


don. Aircraft Eng., Sept., 1955, pp. 299- 
305. 15 refs. 

Rapid Radiant-Heating Tests of Multi- 
web Beams. Appendix A—Rapid-Heating 
Apparatus. Appendix B—Elementary 
Analysis of Thermal Stresses. Joseph N. 
Kotanchik, Aldie E. Johnson, Jr., and 
Robert D. Ross. U.S., NACA TN 3474, 
Sept., 1955. 30 pp. 

Some Problems Associated with Stress 
Concentration. H. L. Cox. J. RAeS, 
Aug., 1955, pp. 551-561. Analysis using 
results of investigations of two-dimensional 
boundaries and of static impact and fa- 
tigue tests for bars, rods, cylinders, and 
plates subjected to different conditions. 


Wings 

On the Application of Oblique Co-ordi- 
nates to Problems of Plane Elasticity and 
Swept-Back Wing Structures. W. S. 
Hemp. Appendix. S. R. Lewis. Gt. 
Brit., ARC R@M 2754 (Jan., 1950), 1955. 
46 pp. BIS, New York. $2.75. 

A Swept Cantilever Box Beam with Two 
Spars and Skew Ribs. II. Appendixes 
A—E. B. R. Noton. Aircraft Eng., 
Aug., 1955, pp. 256-261. Analytical in- 
vestigation at the Coll. of Aeronautics, 
Cranfield, to compare three swept-wing 
theories in terms of the theory of simple 
bending and to determine the distribu- 
tion of normal and shear strain in the 
cover skin and spar webs at the root con- 
nection. 


Thermodynamics 


Experiments on Over-Stable Thermal 
Convection in Mercury. D. Fultz and 
Y. Nakagawa. Proc. Royal Soc. (London), 
Ser. A, Aug. 22, 1955, pp. 211-255. 11 
refs. 

The Instability of a Layer of Fluid 
Heated Below and Subject to Coriolis 
Forces. II. S. Chandrasekhar and Donna 
D. Elbert. Proc. Royal Soc. (London), 
Ser. A, Aug. 22, 1955, pp. 198-210. 10 
rets. USAF-supported theoretical study 
at the U. of Chicago. 


Combustion 


Flames in Turbulent Streams. W. G. 
Berl, J. L. Rice, and P. Rosen. Jet 
Propulsion, July, 1955, pp. 341-346. 
Experimental development of models to 
study means of increasing combustion 
rates above the laminar flame propagation 
rate, with an analysis of factors influenc- 
ing combustion under varying flow condi- 
tions. 

High-Frequency Oscillations of a Flame 
Held by a Bluff Body. W. E. Kaskan and 
A. E. Noreen. Trans. ASME, Aug., 
1955, pp. 885-891; Discussion, pp. 891- 
895. 25 refs. Experimental investiga- 
tion of the transverse oscillations of a 
bluff-body-flame by determination of 
periodic flame-area variations, with re- 
sults applicable to combustion problems 
of propulsion devices. 

The Structure and Propagation Mech- 
anism of Turbulent Flames in High Speed 
Flow. Martin Summerfield, Sydney H. 
Reiter, Victor Kebely, and Richard W. 
Mascolo. Jet Propulsion, Aug., 1955, 
pp. 377-384. 24 refs. Theoretical de- 
velopment of a ‘distributed reaction 
zone’’ model to replace the ‘fluctuating 
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laminar flame’ theory in terms of meas- 
ured values of flame speed. 

Suppression of Burner Oscillations by 
Acoustical Dampers. A. A. Putnam and 
W. R. Dennis. Trans. ASME, Aug., 
1955, pp. 875-883. 15 refs. USAF- 
sponsored study of oscillation suppression 
in combustion systems; includes damp- 
ing tests on an aircraft heater using a 
quarter-wave tube and a _ Helmholtz 
resonator. 


Heat Transfer 


A Table of the First Eleven Repeated 


Integrals of the Error Function. Joseph 
Kaye. J. Math. & Phys., July, 1955, 


pp. 119-125. Definitions, recurrence 
formula, and error checks to solve heat- 
and mass-transfer problems. 

Uber den Transport von Translations- 
energie bei Kurzzeitvorgingen. H. J. 
Kaeppeler. Astronautica Acta, Fasc. 3, 
1955, pp. 111-119. 26 refs. In German. 
Investigation to develop a modification 
of the translational heat transport coef- 
ficient as applied to jet power plants. 


Vertical Take-Off Aircraft 


Testing Slipstream Deflection for VTO 
Transports. Englebert Kirchner. Av. 
Age, Sept., 1955, pp. 34-41. Summary of 
NACA investigations on cascade wings, 
plain and slotted flaps, and single, double, 
and ‘‘venetian blind’’ vanes. 


Water-Borne Aircraft 


Approximate Hydrodynamic Design of a 
Finite Span MHydrofoil (Priblizhennyi 
Gidrodinamicheskii Raschet Podvodnogo 
Kryla Konechnogo Razmakha). A. N. 
Vladimirov. (CAHI, Moscow, Rep. 311, 
1937). U.S., NACA TM 1341, June, 
1955. 68 pp. 14 refs. Translation. 
Theoretical and experimental investiga- 
tion of the hydrodynamic characteristics 
to compute the hydrofoil for conditions 
of motion for which the absolute value of 
the angle of attack is small and the depth 
of submersion is not less than the chord of 
the hydrofoil. 

Formulae for Estimating the Forces in 
Seaplane-Water Impacts Without Rota- 
tion or Chine Immersion. R. J. Mona- 
ghan and P. R. Crewe. Gt. Brit., ARC 
R&M 2804 (Jan., 1949), 1955. 28 pp. 
BIS, New York. $1.70. 


Wind Tunnels & Research 
Facilities 


An Analytic Method for the Design of 
Two-Dimensional Asymmetric Nozzles. 
Hans Peter Liepman. J. Aero. Sci., Oct., 
1955, pp. 701-709. 17 refs. USAF-spon- 
sored study at the U. of Mich. to extend 
the Mach range and to determine ex- 
perimentally the nozzle contours for the 
most uniform wind-tunnel test-section 
flow at nominal 1.4-4 Mach Numbers. 

Design of Two-Dimensional Contin- 
uous-Curvature Supersonic Nozzles. 
James C. Sivells. J. Aero. Sci., Oct., 
1955, pp. 685-692, 732. Approximate 
method to determine the length of the 
wind-tunnel nozzle and for correcting 
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Salary commensurate with 
background and experience. 
All replies confidential. 
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DYNAMICS 


ENGINEERS 


Rapid advancement in the fields of 
Guided Missiles, Research Aircraft, 
and Rocketry has created many new 
and interesting assignments in our 


Dynamics Section. 


Experienced Dynamicists are needed for: 
Operational Analysis 
Applied Mathematics 
Digital Computations 
Flutter Analysis 
Vibration Testing Analysis 
Dynamic Models 


Environmental Studies 


MANAGER, ENGINEERING PERSONNEL 
BELL AIRCRAFT CORPORATION 
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BUFFALO 5, N.Y. 
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In bomber defensive action Westinghouse tail turret systems pay off 
in bull’s-eyes . . . the only pay-off that is respected. 


This defense of high-performance aircraft, like the Douglas A3D 
Skywarrior, against tail attackers requires instantaneous, pin-point 
accuracy plus reliability in every component of the complex radar 
and fire control equipment. 


Air Arm radar uses high-speed sequential lobing and high-per- 
formance servos, resulting in excellent tracking accuracy. Computer 
reliability is enhanced by the use of MAGAMP* magnetic amplifiers 
and potted units... all adding up to more than sufficient capability 


to down the fastest moving enemy aircraft. 


Since 1946, Westinghouse has been developing, designing, testing, 
and building bomber defense systems, the latest features of which are 
still classified. Current production systems are being turned out in 
quantity for the armed forces, and on-schedule deliveries have been 


made for more than a year. 


At the same time, parallel engineering development is constantly 
advancing the state of the art, working hand in hand with aircraft 
manufacturers and the military —to help you bring Tomorrow’s 
Aircraft . . . One Step Closer. Westinghouse Electric Corp., Air 


Arm Division, Friendship International Airport, Baltimore 27, Md. 
*Trade-Mark J-91026-B 


On the Air Arm firing range, Armorer C. E. Brust, Jr., Test Supervisor Norman 
Brown, and Electrical Tester W. C. Scheele check over a typical burst pattern— 
evidence of accuracy backing up the fine reputation these systems have gained. 


THE AIR ARM SYSTEMS FAMILY 
Fighter Armament Bomber Defense Flight Control 


Missile Guidance Special Purpose Systems Components 


you can 6e SURE... 
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the perfect-fluid profile for the effect of 
boundary-layer growth. 

Mach 3 Wind Tunnel. TZhe Engr., 
June 24, 1955, pp. 871-874. Apparatus, 
instrumentation, and operational factors 
of the continuous closed circuit design 
at the Whitley Armstrong Whitworth 
guided missile plant. 

Requirements for Uniformity of Flow in 
Supersonic Wind Tunnels. D. E. Morris 
and K. G. Winter. Gt. Brit., ARC CP 
197 (Sept., 1954), 1955. 9 pp. BIS, 
New-York. $0.40. 

The Wings of Icarus; Hypersonic 
Shock Tunnel Developed at C.A.L. Simu- 
lates Flight at 10,000 m.p.h. and Faster. 
Abraham Hertzberg. Res. Trends (Cornell 
Aero. Lab.), Summer, 1955, pp. 1-6. 

Air Delivered Continuously at Tem- 
perature of Minus 82 F for Testing Air- 


craft Devices. J. P. Rutledge. Auto. 
Ind., Aug. 15, 1955, pp. 66-68. Cooling 
system design combining refrigeration 
and chemical-type dehumidification. 

Experiments on a Temperature Recov- 
ery System for a Blow-Down Supersonic 
Wind Tunnel. T.A.Thomson. Australia 
ARL Rep. A. 91, Feb., 1955. 52 pp. 

Selection of the Electric Drive for the 
14’ xX 9’ Wind Tunnel. I—Specifica- 
tions of the Motor. II—Types of Variable 
Speed Electric Drives. I[I—Character- 
istics of a Variable Speed Slipring Induc- 
tion Motor Coupled to a Wind Tunnel 
Fan. T. N. Krishnaswamy. J. Aero. 
Soc. India, May, 1955, pp. 19-28. De- 
sign, construction, and operating char- 
acteristics, with cost factors 
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System Tests Ramjet Performance. 
CEC Recordings, July-Aug., 1955, pp. 


8,9. Development of an integrated high- 


speed measuring, processing, evaluating, 
and recording device for obtaining pres- 
sure, temperature, flow, and other data on 
such dynamic systems as wind-tunnel 
models, rockets, and gas-turbines. 

Visual Flow Analysis. C. C. Perry. 
Prod. Eng., Aug., 1955, pp. 154-161. 
Photographic, schlieren, and other re- 
cording and boundary-flow marking tech- 
niques, using such media as liquid and 
gaseous streamers, dyes, and smoke. 

Visualization of Jet Fiows. Shih-I Pai. 
Aero Dig., Aug., 1955, pp. 20-23. Jet 
characteristics study in terms of core and 
mixing region, temperature distribution, 
and mass transter between jet and sur- 
rounding stream. 


Special IAS Publications 


*Add $1.00 for orders outside the U.S.A. 


These may be obtained by writing to: 


Member Nonmember 
Price Price 
3951, 1950, 1949, 1948. 1947 (each)... .. 2.00 3.00* 
Proceedings of the Second Turbine-Powered Air Transportation Meeting (1955). ... 3.50 6.00* 
Proceedings of the First Turbine-Powered Air Transportation Meeting (1954)...............0000 eee 3.50 6.00* 
1955 National Telemetering Conference Record... 3.50 3.50* 
1953 and 1954 National Telemetering Conference Record (each)...........00.0 000 2.00 2.00* 
Second International Aeronautical Conference Proceedings... 15.00 17.50* 
First and Second Convertible Aircraft Congress Proceedings 3.00 5.00* 
Eighteenth Wright Brothers Lecture—Fatigue Life of Airplane Structures, Bo Lundberg (Reprinted from 
the June, 1955, JOURNAL OF THE AERONAUTICAL 1.00 1.50 
Seventeenth Wright Brothers Lecture—The First Half-Century of Flight in America, Glenn L. Martin 
(Reprinted from the February, 1954, JOURNAL OF THE AERONAUTICAL S@ 5) 6 5) nn 0.50 1.00 
Sixteenth Wright Brothers Lecture—Technical Trends in Air Transport, William Littlewood (Reprinted 
from the April, 1953, JOURNAL OF THE AERONAUTICAL eae ea amet .00 1.50 
Index to Books on Selected Technical sensei in the IAS Library (up to 1950), unbound.......... 9.00 2.00* 
“Fifty Years of Flight"—A Chronicle of the Aviation Industry in cabin ae 1903-1953, Welman A. 
7 Sie (Published by Eaton Manufacturing Company. Reprinting and Distribution Rights Granted to 
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AERODYNAMICS 


Massbalancing of Aircraft Control Surfaces. 
H. Templeton. (Royal Aeronautical Society, 
Aeronautical Monographs, Vol. 4.) London, 
Chapman & Hall Ltd., 1954. 241 pp., diagrs., 
figs. 35s 

Two main objectives have been pursued in this 
text to provide an understanding of the basic 
principles underlying the application, and to give 
a factual account of the historical development 
and present-day application to the massbalance 
principle. Some rather tentative prognostica- 
tions are also made on possible future develop- 
ments. The monograph is divided into three 
parts, devoted respectively to these three aspects 
of the subject. The author hopes that the mono- 
graph will be of interest to students of aeronautics 
specializing in flutter, although it does not cover 
the whole of the flutter field but only that part of 
it concerned with massbalancing. As a reference 
it may also be of use to designers and research 
workers in this field, for whom Part II, which con- 
tains the bulk of the factual information, will 
probably be of prime interest. 

Contents: (1) Introduction. Part I: The 
Basic Principles of Massbalancing. (2) Vibra- 
tional Aspects of Massbalancing. (3) Mass- 
balance Terminology. (4) The Application of 
Massbalancing to Flutter Prevention. Part II: 
The Application of the Massbalance Principle. 
(5) Historical Development of the Massbalance 
Principle. (6) Effect of the Parameters concerned 
in the Massbalance Principle. (7) Design Criteria 
for Massbalancing. (8) The Complete Procedure 
for Massbalancing in Practice. (9) Massbalance 
Systems. Part III: Future Developments in 
Massbalancing: its Limitations and Alternatives. 
(10) Possible Future Developments in Mass- 
balancing. (11) Limitations of Massbalancing 
and its Alternatives. Appendix. 

Hydrodynamics; A Study in Logic, Fact, and 
Similitude. Garrett Birkhoff. New York, 
Dover Publications, Inc., 1955. 186 pp., illus., 
diagrs., figs. Cloth, $3.50; paper, $1.75. An 
unabridged and unaltered republication of the 
first edition (Princeton University Press, 1950). 


AIRPLANE DESIGN 


Symposium on the Thermal Barrier. Pre- 
sented by the Aviation Division of the A.S.M.E., 
at the Annual Meeting, November 28-December 
3, 1954. New York, American Society of Me- 
chanical Engineers, 1954. 80 pp., illus., diagrs., 
figs. $4.50. 

Contents: Supersonic Aircraft Propuision, A. 
J.Gardner. Effect of Supersonic Flight on Power 
Plant Installation Systems, R. B. Keusch. Melt- 
ing of Bodies due to Aerodynamic Heating, C. H. 
McLellan. Temperature Problems of Equipment 
in High-Speed Aircraft, H. W. Adams. Per- 
sonnel and Equipment Cooling in Supersonic Air- 
planes, J. Makowski and V. L. Whitney, Jr. 
Human Problems Associated with High-Speed 
and High-Altitude Flight, Ross A. McFarland. 
The Thermal Barrier—Structures, N. J. Hoff. 


Some Structural Aspects of Thermal Flight, 
George Gerard. Problems in the Design of Air- 
craft Subjected to High Temperature, F. R. 
Steinbacher. 


BIBLIOGRAPHIES 


Aeronautical Sciences and Aviation in the So- 
viet Union; A _ Bibliography. Compiled by 
Bertha Kucherov, Reference Department, The 
Library of Congress. Washington, Card Divi- 
sion, The Library of Congress, 1955. 274 pp. 
$2.00. 

The purpose of this bibliography is to facilitate 
the study of aviation and the aeronautical sciences 
of the U.S.S.R. It is based mainly upon the 
holdings of the Library of Congress, the Library of 
the N.A.C.A., Washington, D.C., the Library of 
the Institute of the Aeronautical Sciences, New 
York City, and other libraries which contribute to 
the Slavic Union Catalog. In addition, Russian 
sources, such as publications of the Academy of 
Sciences of the U.S.S.R., the Great Soviet En- 
cyclopaedia, the leading bibliographical periodical 
Sovetskaia Kniga, reviews and bibliographies in 
Russian publications on aeronautics, etc., have 
been consulted. In scope, this bibliography in- 
cludes the major part of the Russian monographic 
works concerned with aeronautics and related 
sciences, along with a large number of selected 
articles from Russian periodical literature in these 
fields of knowledge. Some books known to have 
appeared in the U.S.S.R. but not received in this 
country, as well as a few items in West European 
languages published outside the Soviet Union, are 
listed whenever in the bibliographer’s judgment 
they make a significant contribution. Attention 
has been given to English translations of Russian 
originals prepared by various scientific organiza- 
tions. This compilation does not present itself 
as a definitive bibliographical record of the present 
status of Russian aeronautical writing. It is 
offered rather as the first step toward future, 
more complete bibliographies. However, it is 
hoped that within its limitations this bibliography 
will prove a usefui guide to all researchers inter- 
ested in scientific and technical developments in 
the field of aeronautics in the Soviet Union. 


CHEMISTRY 


Diffusion and Heat Exchange in Chemical 


Kinetics. D. A. Frank-Kamenetskii. Trans- 


For information on IAS 
Library Service Facilities, 
see page 105. 
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lated by N. Thon. New Jersey, Princeton Uni- 
versity Press, 1955. 370 pp.,diagrs., figs. $6.00. 
Theories and applications of interlocking chemi- 
cal and physical rate processes have attracted the 
attention of chemists and chemical engineers 
throughout the world. It has become recognized 
that combustion processes and the rapid chemical 
reactions of industry, for example, are complex 
and that analytical treatment requires knowledge 
of chemistry, fluid dynamics, and heat transfer. 
An extensive literature has been developed in this 
pioneering area of applied science in the United 
States, in Europe, and in Russia. This volume 
by Frank-Kamenetskii has been translated to 
bring conveniently to hand phases of Russian 
work to 1947. Frank-Kamenetskii is a disciple of 
the N. N. Semenov school of physical chemistry 
which has worked om combustion, explosives, heat 
exchange, diffusion in heterogeneous systems, and 
chain reactions. He has published on reaction 
ignition and quenching, and on periodic processes 
in chemical kinetics as well. The mathematical 
treatment of these and related topics for flames, 
combustion of solids and chemical reactions, to- 
gether with experimental comparisons, comprise 
the subject of this book. References to work in 
other countries are given, but references to Rus- 
sian studies predominate and constitute a selected 
bibliography. In a few instances, Russian refer- 
ences are supplemented in the translation by edi- 
torial footnote references to work elsewhere. 


DOCUMENTATION 


The Technical Report; Its Preparation, Proc- 
essing, and Use in Industry and Government. 
Edited by B. H. Weil. New York, Reinhold 
Publishing Corp., 1954. 485 pp., illus., diagrs., 
figs. $12. 

Contents: Part I: Functions. The Technical 
Report in Industry, Arthur L. Fox. The Tech- 
nical Report in Government, Lawsen M. Mce- 
Kenzie. 

Part II: Preparing and Processing. Writing 
the Technical Progress Report, John C. Lane. 
Writing the Formal Technical Report, Margaret 
H. Graham and Robert S. Casey. Common 
Faults and Recommended Practice in Writing 
Technical Reports, D. S. Davis. Writing the 
Literature Summary, B. H. Weil. The Oral Re- 
port, Its Preparation and Presentation, B. A. 
Jones. Editing Technical Reports, D. S. Davis. 
Style Manuals for Technical Reports, B. H. Weil. 
Illustrating, Duplicating, and Binding the Tech- 
nical Report, B. A. Jones. Making Graphs and 
Tables More Effective, John C. Lane. 

Part III: Distributing the Company Technical 
Report, Lura Shorb and Jack Barsha. Security 
and Other Aspects of the Distribution of Govern- 
mentai Technical Reports, R. S. Bray. 

Part IV: Filing. Filing the Technical Report 
in Industry and Government, Henry Tovey and 
Julian F. Smith. Subject Classifying and Alpha- 
betical Indexing of Technical Reports, L. B. Po- 
land. Report Indexing by Hand-Sorted Punched 
Cards, S. W. Dinwiddie and C. C. Conrad. The 
Uniterm Coordinate Indexing of Reports, Morti- 
mer Taube and Associates. Cataloguing Govern- 
ment Technical Reports, Bernard M. Fry. Rec- 
ords and Control Procedures for Security-Classi- 
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The rapid growth of missile 
systems technology has placed 
new demands on the ability 
of aerodynamics scientists. At 
Lockheed Missile Systems 
MISSILE Division, new advances 
are required constantly in 
thermodynamic analysis, 
aerodynamic design analysis, 

SYSTEMS flutter, aero-elastics and 
flight dynamics. 
Continuing experimentation 

“4 at Jet Propulsion Laboratory, 
a eS T O d y nN a m 1C S Ames Aeronautical Labora- 
tory, Gas Dynamics Facility at 
Princeton University, Naval 
Supersonic Research Labora- 
tory at Massachusetts 
WwW Institute of Technology, 
Langley Memorial Laboratory 
and other centers supports 
this program of expanding 
aerodynamic activities. 


These advances have created new positions 
for aerodynamics scientists possessing 
advanced academic training in the 
following areas: 


to perform theoretical analyses and evaluate 
experimental data on high-speed flow 
phenomena as related to performance and 
stability characteristics of missiles or 
ENGINEER supersonic aircraft. The position requires 

at least five years’ related experience. 


DESIGN 


AERODYNAMICS 


to plan, supervise, analyze and report on 
EXPERIMENTAL experimental programs. The position 
requires a sound background in supersonic 
aerodynamics and at least five years’ 
ENGINEER experience, preferably in wind tunnel testing 
or full-scale and free flight model testing. 


AERODYNAMICS 


to assist in planning and reporting 
EXPERIMENTAL on experimental programs. The position 
requires one to two years’ experience 
AERODYNAMICIST in wind tunnel testing or full-scale and 
free flight model testing. 


MISSILE SYSTEMS DIVISION research 
and 
LOCKHEED AIRCRAFT CORPORATION 
engineering 
VAN NUYS © CALIFORNIA staff 


fied Technical Reports, Bernard M. Fry. The 
Storage and Housing of Unpublished Technical 
Reports, Saul Herner. Abstracting Technical 
Reports, L. C. Stork and K. C. Cousins. 

Part V: Using. Putting Technical-Report 
Files to Work, L. B. Poland How to Locate and 
Obtain Government Information Reports, Pa- 
tricia L. Brown. Use of Industry-Survey Reports 
as a Chemical-Marketing-Research Tool, H. E. 
Bode. 

Appendix I: Report Manual of the Georgia 
Tech Engineering Experiment Station. Ap- 
pendix II: Executive Order 10501 Safeguarding 
Official Information in the Interest of the Defense 
of the United States. Author Index. Subject 
Index 


ELECTRONICS 


Principles of Communication Systems. W. D. 
Hershberger. New York, Prentice-Hall, Inc., 
1955. 253 pp., diagrs., figs. $6.65. 

Principles of Communication Systems places 
emphasis not on the ‘‘hardware”’ of any particular 
system, but on topics such as signals and their 
spectra, information theory, noise, modulation, 
and detection. Dr. Hershberger includes such 
topics as: noise, Fourier integrals, signal distor- 
tion by the method of paired echoes (in the 
chapter on transmission lines), and correlation 
function (in the chapter on radar). After con- 
sidering the characteristics of channels useful 
in communication—radio and transmission lines, 
in particular—the author examines human and 
other factors which determine the design and limit 
the performance of any given system. Treating 
systems diverse in signal spectra, in information 
theory, and other elements, Hershberger examines 
audio, television, and radar systems in detail. 
Through the presentation of these different sys- 
tems, the reader is familiarized with a wide range 
of topics, always with the emphasis on the infor- 
mational capacity of any particular system. The 
author is Professor of Engineering, University of 
California, Los Angeles. 


FUELS & LUBRICANTS 


Viscosity of Lubricants Under Pressure; Co- 
ordinated Data from Twelve Investigations. 
Mayo D. Hersey and Richard F. Hopkins. New 
York, American Society of Mechanical Engineers, 
1954. 87 pp., figs. $5.00. 

This study has for its main object the coordina- 
tion of the published data on viscosity of lubri- 
cants under high pressure. A secondary object is 
to review the literature, indicating where special- 
ized discussions may be found, and what conclu- 
sions of engineering interest can be drawn at this 
time; and to point out some of the directions in 
which further research is required 

Contents: Introduction Experimental In- 
vestigations. Description of Lubricants Tested. 
High Pressure Data. Correlation Methods. 
Empirical Equations. High Pressure Lubrica- 


tion. Other Literature Review Conclusions 
and Recommendations. Appendices Bibliog 
raphy. 


Industrial Lubrication Practice. Paul D. Hob- 
son. New York, The Industrial Press, 1955. 
540 pp., illus., diagrs., figs. $8.00. 

This book has been written in the hope that it 
will provide basic information on lubrication 
practice that can be used by the technical man, 
interested in lubrication, who may have received 
his training and previous experience in some other 
field, and that it will serve as a foundation for the 
body of specialized knowledge that he is building 
up. The first section of the book is devoted to 
an outline of lubrication principles and basic 
techniques. The chapter on plain bearings in- 
cludes some general remarks and suggestions on 
bearing design intended to assist the desiguerin the 
choice of the appropriate clearance from a table of 
standard fits, as is normally the practice in ordi- 
nary machine design, rather than to calculate the 
clearance according to strictly theoretical prin- 
ciples. The chapters on lubrication routine and 
handling are based principally on the author’s 
experience in the organization of lubrication in a 
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No. 
FF-13 


FF-12 


FF-11 


FF-10 


FF-9 


FF-8 


FF-7 


FF-6 


FF-4 


FF-3 


FF-2 


AHS-1 


286 


244 


Sherman M. Fairchild Publication Fund Papers 


The Floating Integrating Gyro and Its 
Application to Geometrical Stabili- 
zation Problems on Moving Bases— 

Draper, W. Wrigley, and L. R. 
Grohe. 


Transonic Testing Techniques (A Sym- 
posium). 


Wetted Area and Center of Pressure of 
Planing Surfaces at Very Low Speed 
Coefficients — Experimental Towing 
Tank, Stevens Institute of Technology. 


Improved Solutions of the Falkner and 
kan Boundary-Leyer Equation—A. 
M. O. Smith. 


A Hydrodynamic Study of the Chines- 
Dry Planing Body—Experimental 
Towing Tank, Stevens Institute of 
Technology. 


Compressive Buckling of Plates Due to 
Forced Crippling of Stiffeners, Parts | 
and lI—P. P. Bijlaard and G. S. John- 
ston. 


Natural Flight and Related Aeronau- 
tics—James L. G. Fitz Patrick. 


Wetted Length and Center of Pressure 
of Vee-Step Planing Surfaces—Ex- 
perimental Towing Tank, Stevens In- 
stitute of Technology. 


Finite Deflections of Curved Sandwich 
Plates and Sandwich Cylinders—F. 
K. Teichmann and Chi-Teh Wang. 


The Penetration of a Fluid Surface by a 
edge—Experimental Towing Tank, 
Stevens Institute of Technology. 


A Study of the Flow, Pressures, and 
oads Pertaining to Prismatic Vee- 
Planing Surfaces—Experimental Tow- 
ing Tank, Stevens Institute of Tech- 
nology. 


Helicopter Flight Research at NACA, 
Langley—Jack P. Reeder. 


Linearized Treatment of Supersonic Flow 
rough Axi-Symmetric Ducts with 
Prescribed Wall Contours—Charles 
E. Mack, Jr., and Ignace |. Kolodner. 


Wetted Area and Center of Pressure of 
Planing Surfaces—Experimental Tow- 
ing Tank, Stevens Institute of Tech- 
nology. 


Member 


Price 


1.20 


1.30 


2.65 


1.20 


0.50 


1.20 


1.20 


0.35 


0.75 


0.75 


Non- 
member 
Price 


$1.50 


2.50 


1.60 


7.25 


1.60 


2.00 


3.50 


1.60 


0.85 


1.25 


1.00 


No. 
229 


170 


169 


168 


167 


166 


165 


164 


126 


106 


104 


102 


101 


Wave Profle of a Vee-Planing Surface, 
Including Test Data on a 30° Dead- 
rise Surface—Experimental Towing 
Tank, Stevens Institute of Technology. 


Wave Contours in the Wake of a 10° 
Deadrise Planing Surface—Experi- 
mental Towing Tank, Stevens Insti- 
tute of Technology. 


The Discontinuous Fluid Flow Past an Im- 
mersed Wedge—Experimental Tow- 
ing Tank, Stevens Institute of Tech- 
nology. 


Wave Contours in the Wake of a 20° 
Deadrise Planing Surface—Experi- 
mental Towing Tank, Stevens Insti- 
tute of Technology. 


On the Pressure Distribution for a 
Wedge Penetrating a Fluid Surface— 
Experimental Towing Tank, Stevens 
Institute of Technology. 


An Analysis of the Fluid Flow in the 
Spray Root and Wake Regions of 
Flat Planing Surfaces—Experimental 
Towing Tank, Stevens Institute of 
Technology. 


Theory and Practice of Sandwich Con- 
struction in Aircraft (A Symposium). 


Applications of the Theory of Free 
jolecule Flow to Aeronautics— 
Holt Ashley. 


External Sound Levels of Aircraft—R. 
L. Field, T. M. Edwards, Pell Kangas, 
and G. L. Pigman. 


Measurement of Ambient Air Tempera- 
ture in Flight—W. Lavern Howland. 


Tensor Analysis of Aircraft Structural 
Vibration—Charles E. Mack, Jr. 


Electrical Resistance Strain Gages Ap- 
plied to ind-Tunnel Balances— 
Elmer C. Lundquist. 


Introduction to Shock Wave Theory—J. 
. Coffin. 


Blade Pitching Moments of a Two- 
Bladed Rotor—R. W. Allen. 


Papers should be ordered by number from: 


Publications Department, Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, N.Y. 


Non- 


Member member 


Price 


$1.20 


1.20 


1.20 


0.75 


1.20 


1.85 


1.15 


0.75 


0.35 


1.85 


0.60 


2.65 


0.75 
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$1.60 


1.60 


1.00 


1.60 


1.00 


1.60 


2.50 


1.50 


1.00 


0.50 


2.50 


0.80 


3.50 


1.00 


Copies may be obtained by writing to: Publications Department, Institute of the Aeronautical Sciences, Inc., 


Now Available 


Proceedings of the Second National Turbine-Powered Air Transportation Meeting 
Seattle, Wash.—August 8-10, 1955 


Contains papers presented at this meeting, complete with figures and illustrations. 
Member Price, $3.50 


Nonmember Price, $6.00 


2 East 64th Street, New York 21, N.Y. 
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NORTH AMERICAN’S 


Columbus Division 


offers 


ENGINEERS 


complete design facilities 


in OHIO 


Engineers at the Columbus Division of North American 
Aviation, utilizing the most modern test and development 
facilities, are achieving new design successes for the com- 
pany that has built more airplanes any other in the 
world. Included is the Navy's latest FURY JET, the FJ-4. 
Important, new airplane projects are in various stages of 
design and test. 


HIGH OPPORTUNITIES FOR EXPERIENCED ENGINEERS: 
Aerodynamicists, Thermodynamicists, Dynamicists, Pre- 
liminary Design Engineers, Wind Tunnel Model Designers 
and Builders, Flight Test Engineers, Mechanical Engineers, 
Civil Engineers, Electrical Engineers, Aeronautical Engi- 
neers and many others. 


Write, phone or wire collect for more information: Engi- 
neering Personnel, Department 56B, Columbus 16, Ohio 
Phone DOuglas 1851, Extension 875. 


COLUMBUS DIVISION 


MERICAN AVIATION, INC. 


large manufacturing company. The remainder of 
the book is devoted to the discussion of the lubri 
cation of specific machines and devices, together 
with chapters on hydraulic equipment, cutting 
fluids, and the preservation of machinery in trans 
port and storage; all of which, in practice, fall into 
the province of the lubrication engineer 


MATERIALS 


Handbook of Engineering Materials. Pre 
pared by a Staff of Specialists. Douglas F. Miner 
and John B. Seastone, Editors. New York, John 
Wiley & Sons, Inc., 1955 1,382 pp., diagrs 
figs. $17.50 

This Handbook of Engineerin Vaterials is 
designed to meet a need, chiefly among engineers 
for a single source of authentic and useful informa 
tion on the usual materials of manufacturing and 
construction. The present Handbook presents 
sufficient data to form a useful guide to the selec 
tion of a wide range of materials and suggests 
sources of more complete information In scope 
it is more complete than a technical dictionary but 
less detailed than special textbooks. Historical 
background and methods of manufacture have 
generally been omitted because they are not of 
prime interest to the user of materials. The 
Handbook has been arranged by classes of related 
or similar materials Emphasis has been on quan- 
titative information wherever possible, with a 
minimum of descriptive text. The volume has 
been compiled at a professional level understand 
able to engineering designers of products or con 
struction projects, research workers, and ad 
vanced students It 1s not intended for the gen 
eral public, because it assumes basic technical 
knowledge and vocabulary covering units of 
measurement, methods of calculation, and types 
of graphic representation 

Contents: Section 1; General Information on 
Materials, Materials Specifications and Standards, 
Statistics in the Application of Materials, Mathe- 
matical and Physical Tables. Section 2; Metals, 
Ferrous Metals, Aluminum, Magnesium, Copper 
and Its Alloys, Zinc, Nickel and Its Alloys, Other 
Pure Metals, Special-Purpose Metals and Alloys 
Section 3; Non-Metals, Wood and Wood-Base 
Materials, Paper, Fibers, Plastics and Rubbers, 
Organic Finishing Materials, Fuels, Carbon Prod- 
ucts, Ceramic Materials, Industrial Chemicals, 
Lubricants. Section 4; Construction Materials 
Cementing Materials and Concrete, Roadbed 
Materials, Timber, Rope, Foundations, Weather 
and Moisture Protection, Glass Products 

Plastics for Corrosion-Resistant Applications. 
Raymond B. Seymour and Robert H. Steiner 
New York, Reinhold Publishing Corp., 1955. 423 
pp., illus., diagrs., figs. $7.50 

Compiled from the authors’ experience and re 
search in the plastics field, this book supplies 
engineers with the background information neces 
sary in selecting the proper plastic for construc 
tion in corrosive atmospheres The book begins 
by describing the relationships bet ween the chemi 
cal and physical properties and the molecular 
structure of plastic materials. Then follows in 
formation on the use of plastics as protective coat- 
ings, organic linings, chemical resistant mortar 
cements, casting resins, plastic foams, impreg 
nants, industrial adhesives, and reinforced ma- 
terials. Other sections described plastic pipe. 
ductwork, valves and fittings, and the use of plas 
tics for corrosion-resistant floors, sumps, and 
processing vessels. Wherever possible, plastics 
available for a specific application are compared 
in tabular form for quick, easy selection of the 
most suitable material 


MATHEMATICS 


Wave Motion and Vibration Theory. Aibert 
E. Heins, Editor. (American Mathematical 
Society, Symposia in Applied Mathematics, Vol. 
5.) New York, McGraw-Hill Book Co., Inc., 
1954. 169 pp., illus., diagrs., figs. $7.00. 

Contents: Hydrodynamic Stability, C. C. Lin 
Examples of the Instability of Fluid Motion in: 
the Presence of a Magnetic Field, S. Chandra- 
sekhar. On Free Surface Flows, P. R. Garabe-- 
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dian. Review of Significant Observations on the 
Mach Reflection of Shock Waves, W. Bleakney. 
On a Nonlinear Differential Equation in Hy- 
draulics, N. W. McLachlan. Acoustic Radiation 
Pressure on a Circular Disk, Harold Levine 
Infinite Matrices Associated with a Diffraction 
Problem (Abstract), W. Magnus. On the Coup- 
ling of Two Half Planes, Albert E. Heins and Her- 
man Feshbach. On the Diffusion of Tides into 
Permeable Rock, G. F. Carrier and W. H. Munk. 
Some Remarks on Radiation Conditions, J. J. 
Stoker. On the Theory of Scattering of Plane 
Waves by Soft Obstacle, E. W. Montroll and J. M. 
Greenberg. Wave Propagation in Helical Com- 
pression Springs, E. H. Lee. On the Wave Equa- 
tion and the Equation of Euler- Poisson, Alexander 
Weinstein. On Lienard’s Differential Equation, 
S. Lefschetz. The Effect of Small Constraints 
on Natural Vibrations, R. J. Duffin and A. Schild. 

Bessel Functions for Engineers. N. W. Mc- 
Lachlan. 2d Ed. Oxford, At the Clarendon 
Press; New York, Oxford University Press, 1955. 
239 pp., diagrs., figs. $3.40. 

The purpose of the book is to provide engineers 
and engineering students with a course on Bessel 
functions and their practical applications. No 
prior acquaintance with Bessel functions is neces- 
sary. The theory is set out in logical sequence in 
a simple manner, and there are a number of 
worked examples illustrating analytical processes 
and applications in various branches of applied 
science. The treatment is such that special tech- 
nical knowledge is not required, and the book will 
serve to introduce the functions to students of ap 
plied mathematics. The first edition was pub- 
lished in 1934. For this second edition the text 
has been rewritten and extended in scope. Some 
of the old sections, and about half of the numer- 
ous problems at the ends of the chapters, have 
been removed to make room for new subject- 
matter. The text and also the list of formulas 
has been increased by 50 per cent, the references 
by 30 per cent, while eight new Tables of the 
Functions have been added 


PRODUCTION 


Principles of Mass and Flow Production. 
Frank G. Woollard. London, Iliffe & Sons, 
Ltd.; New York, Philosophical Library, 1955. 
195 pp., illus., diagrs., figs. $7.50 

An exposition of the fundamental techniques, 
based on the author’s 30 years of experience in 
this field of engineering, with examples drawn 
from British and American practice. 


ROTATING WING AIRCRAFT 


Heliport Location and Design. New York, 
Aviation Department, The Port of New York 
Authority, May, 1955. 33 pp., illus., diagrs. 

Although this study was developed for applica 
tion to the New Jersey-New York area, the con- 
clusions have general applicability to principal 
heliports. It is meant to apply generally to 
operating areas for helicopters of a size which 
will accommodate upwards of 20 passengers. It 
is not meant to apply to what might be termed 
“local stops’’ in suburban areas 


SPACE TRAVEL 


Bericht iiber den V. Internationalen Astro- 
nautischen Kongress, Innsbruck, 5. bis 7. Au- 
gust 1954. Im Auftrage der Osterreichischen 
Gesellschaft fiir Weltraumforschung. (Proceed- 
ings of the 5th International Astronautical Con- 
gress, Innsbruck, August 5-7, 1954. Sponsored 
by the Austrian Society for Space Research.) 
Friedrich Hecht, Editor. Vienna, Springer- 
Verlag, 1955. 307 pp., illus.’ diagrs., figs. 
$13.80 

Contents: Grundsitzliches zur Raumtaucher- 
riistung, H. Oberth. Die Erforschung der Initial- 
vorginge bei Verbrennungsprozessen, Irene 
Sanger-Bredt.* Stationare Kernverbrennung in 
Raketen, E. Singer.* Solid Propellants and 
Astronautics, A. J. Zaehringer. Analysis of Or- 
bital Svstems, K. A. Ehricke. Der Einfluss der 
Auslegung der Turbopumpe auf die Flugleistun- 
gen einer Grossrakete, H. H. Kélle. The Thermal 
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CONVAIR-Pomona is engaged in develop- 
ment, engineering and production of elec- 
tronic equipment and complex weapons 
systems. The Convair-Pomona engineering 
facility is one of the newest and best equip- 
ped laboratories in the country. The work 
: in progress, backed by Convair’s outstand- 
ing record of achievement, offers excellent 
opportunities for recent graduates and ex- 
perienced engineers in the following fields: 


ELECTRONICS 

DYNAMICS 

AERODYNAMICS 
THERMODYNAMICS 

OPERATIONS RESEARCH 
HYDRAULICS 

MECHANICAL DESIGN 
LABORATORY TEST ENGINEERING 


Generous travel allowance to engineers who 
are accepted. 


*For further information on Convair and its 
fields of interest, write at once, enclosing a 
complete resume to: 

Employment Department 3-N 


* ENGINEERING 
BROCHURE 
TO QUALIFIED 
APPLICANTS 


CON VA TI R 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
POMONA, CALIFORNIA 
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Dissipation of Meteorites by Bumper Screens, N. 
H. Langton. Basic Design Principles Applicable 
to Reaction-Propelled Space Vehicles, D. C. 
Romick. Possibilities of Electrical Space Ship 
Propulsion, E. Stuhlinger. Die Riickkehr von 
gefliigelten Geradten von Aussenstationsbahnen, 
H. J. Kaeppeler and M. E. Kiibler. Two Aspects 
of the Time Element in Interplanetary Flight, H 
Preston-Thomas. Calculation of Step-Rockets, 
M. Vertregt. Zur Nomenklatur der Gewichts- 
werte von Stufenraketen, G. v. Pirquet. Optimal 
Programming of Rocket Thrust Direction, D. F. 
Lawden.* On Automatic Internal and External 
Control of Long Range Rockets, J. M. J. Kooy. 
Entwurfsverfahren fiir Héhenraketen mit Press- 
gasférderung, R. Engel. Uber den Einfluss der 
Rekombination auf die Leistung von Fliissigkeits- 
raketen, U. T. Bédewadt. Protection of Hu- 
mans from Heavy Nuclei of Cosmic Radiation in 
Regions Outside the Atmosphere, H. J. Schae- 
fer.* Demonstration iiber den Nachweis der 
kosmischen Strahlung im menschlichen Kérper, 
J. Eugster. Space Equivalent Conditions Within 
the Earth’s Atmosphere. Physiological Aspects, 
H. Strughold.* Die Entwicklung hochtempera- 
turbestandiger Werkstoffe fiir die Luft- und Wel- 
traumfahrt, E. Fitzer. Gesinterte Hochtempera- 
turwerkstoffe, R. Kieffer and F. Benesovsky. 
L’exploration de la haute atmosphére avec les 


engines autopropulsés et le programme frangais de August 30-September 3, 1954 Published for 
l’Année Géophysique Internationale 1957-1958, The Combustion Institute under the Auspices of 
E. Vassy The Respectability of Astronautics the Standing Committee on Combustion Sym- 
as Reflected by Recent Developments in the posia. New York, Reinhold Publishing Corpora- 
United States, F. I. Ordway, III, and H. E. Can tion, 1955. 802 pp., illus., diagrs., figs. $15. 
ney, Jr. IAF: Utopia or Reality, G. A. Partel. Here in bound form are 101 papers presented 
Geodetic Significance of a Minimum Satellite at the Fifth International Combustion Symposium 
Vehicle, I. M. Levitt. Die ‘‘Neo-ldeographie’’ held at the University of Pittsburgh in 1954. The 
als Mittel zur Verstandigung fiir kiinftige Be- work of 182 contributors from many parts of the 
ziehungen mit anderen Planeten, R. V. Dyrgalla. world, this book offers an authoritative and up-to 
Uber Stroémun svorgange, die mit einer Verbren- date body of knowledge on the combustion prob- 
nung gekoppelt sind, F. Cap. Uber die aero- lems involved in the efficient operation of all types 
dynamische Erwarmung von kegelférmigen Flug- of engines. Forty-five papers deal with the im- 


kérpern im Bereich extrem hoher Mach-Zahlen portant subject of kinetics of 
H. Ruppe Die rechtliche Natur des Weltraums 


combustion of 
solids, propellant burning, special techniques and 
A. A. Cocca Rilevamento e rivelamento delle instrumentation, diffusiou flames and carbon 
caratteristiche di volo dei razzi e missili, C. E formation, flame spectra and dissociation energies, 
Cremona Artificial Satellite, Unification and 


Mechanics, A. Boni.* 


and special processes in engines Eleven invited 
papers by authorities discuss unsolved problems 


' ' in various types of engines and basic kinetic 
* Thes papers are listed by author and title 
sted problems, including high temperature kinetics 
only; the text appeared in earlier issues of Astro . . 

PE i Scientists and engineers in many fields of research 


nautica Acta, to which full references are given will find this hook a valuable reference source for 
information on combustion in engines and com- 
THERMODYNAMICS bustion kinetics. It will prove of particular value 
to chemists and chemical engineers interested in 
Fifth Symposium (International) on Combus- the kinetics of oxidation and the processes in- 
tion, Combustion in Engines, and Combustion 
Kinetics. At the University of Pittsburgh (Continued on page 154) 


There’s a future in 


CONTROLS BY HONEYWELL 


Tus is the age of automatic control. And automatic control is Honeywell’s business. A pioneer 
and leader in the aircraft control field, Minneapolis- Honeywell has produced more autopilots than any 
other company. Honeywell manufactures other systems and products so highly diversified that you are 


promised exciting opportunities for creative achievements and personal advancement. Constantly expand- 
ing research and development of new concepts promise you unlimited possibilities for growth. 


Consider these selective openings: 


RESEARCH AND DEVELOPMENT: 


Graduate engineers are needed in these related fields and product lines: 


Autopilots Gyros Electronics Applied Mechanics 
Hydraulics Nuclear Controls Instrumentation Thermodynamics 
Aircraft Dynamics Servomechanisms Inertial Guidance Systems Engineering 


And consider these advantages: 


Ideal suburban living in friendly, uncrowded Minneapolis, Please send resume of your 


famous for cultural activities and recreational facilities. 


background including salary requirements, to 


Generous employee benefits include broad company - paid 
insurance and pension plans, liberal tuition allowances J. A. Hill — Engineering Placement Manager 


for advanced study. 


Minneapolis - Honeywell Regulator Company 


Travel and family moving expenses paid. 2753 4th Ave. South, Minneapolis 8, Minn. 
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Personnel Opportunities 


e This section is for the use of individual members of the Institute seeking new connections and 


organizations offering employment to Aeronautical specialists. 


tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Engineers—-We have several openings for 
engineers for design and development work on 
aeronautical facilities such as large flexible nozzle 
trisonic wind tunnels. Aeronautical, mechanical, 
or civil engineering training. We also have an 
opening for a Project Engineer with experience in 
airplane aerodynamics or preliminary design and 
especially in stability and control. This man will 
supervise the work on current development pro- 
grams of great interest and promise. Send replies 
to: FluiDyne Engineering Corporation, 425 
N. 7th St., Minneapolis 5, Minn. 


Aeronautical Engineer (Helicopter)—Grade 
GS-11: Position entails origination, development, 
and issuance of engineering instructions concern- 
ing structure, components, and systems of various 
types of service helicopters undergoing overhaul, 
repair, and modification. Applicant must have 
had a minimum of 3 years’ aircraft experience, 
at least one of which must have been in helicopter 
design, development, or overhaul, in addition toa 
degree in Aeronautical Engineering or its equiv- 
alent. Send completed Standard Form 57, Civil 
Service Form, to: Industrial Relations Officer, 
Box 22, Naval Air Station, Jacksonville, Fla. 


Aeronautical Research Scientists and Engineers 
—The National Advisory Committee for Aero- 
nautics urgently needs and has many opportuni- 
ties for research scientists and research engineers 
in aerodynamics, flutter and vibration, com- 
pressors and turbines, loads, structures, propul- 
sion systems, combustion, fuels, materials, instru- 
mentation, and other fields of NACA research. 
Particularly needed are graduates in Aeronautical 
or Mechanical Engineering, Electronics, and 
Physics, but any appropriate degree is acceptable. 
Most vacancies are for B.S. graduates, $4,345; 
M.S. graduates or B.S. plus 6 months, $4,930; 
B.S. plus 1!/2 years, $5,440; and Ph.D. gradu- 
ates, $6,390. Those interested should write for 
further information directly to the Personnel 
Officer at one or more NACA laboratories: 
NACA Langley Aeronautical Laboratory, Lang- 
ley Field, Va.; NACA Ames Aeronautical Lab- 
oratory, Moffet Field, Calif.; NACA Lewis Flight 
Propulsion Laboratory, Cleveland; NACA High 
Speed Flight Station, Edwards, Calif. 


Aeronautical Engineer—Princeton University 
has an opening for an engineer experienced in 
airplane dynamic stability and control. A gradu- 
ate degree is preferred. Position is for Project 
Engineer on pilot response flight-test program. 
Please send résumé to: Edward Seckel, Professor, 
Aeronautical Engineering, James Forrestal Re- 
search Center, Princeton University, Princeton, 


N.J. 


Engineers—Fairchild Engine Division of the 
Fairchild Engine and Airplane Corporation, Deer 
Park, Long Island, N.Y. Diversified engineering 
Positions are available involving engine research, 
design, design and performance analysis, test 
engineering, compressor and turbine design, con- 
trol systems, and other engineering operations 


The number preceding the notice 
represents the Box Number of the In- 


stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


associated with the general field of design and 
development of gas turbine power plants. These 
opportunities result from expanded programs in a 
new plant and gas turbine laboratory Send 
résumé to: Felix Gardner, Fairchild Engine Divi- 
sion, Deer Park, Long Island, N.Y. 


Engineers—Growing research and develop- 
ment organization has need for engineers ex- 
perienced in supersonic and hypersonic fluid me- 
chanics, supersonic wing theory, missile dynamic 
and control analysis, missile trajectory and dis- 
persion analysis, aerodynamic heating, heat con- 
duction, ballistic-range or free-flight research tech- 
niques, and basic research in fluid mechanics. 
Openings also exist for structural, aerothermo, and 
research engineers. Send résumé to: Frances 
Hill, Personnel Manager, Aerophysics Develop- 
ment Corporation, P.O. Box 949, Santa Monica, 
Calif. 


Engineers— Bendix Products Division at South 
Bend, Ind., pioneer and leader in the design, de- 
velopment, and production of commercial and 
military aircraft components and automotive 
devices, has continuing opportunity in a variety 
of assignments on interesting long-range projects. 
Engineers are needed in this organization which 
has a growth tradition, who have 2 to 5 years’ of 
experience in propulsion systems, thermodynam- 
ics, shock and stress, servomechanisms, dynamics 
fluid mechanics, analogue and digital computers, 
fuel control systems for aircraft and automotive 
engines, aerodynamics, mechanical test equip- 
ment, and liquid propellants. Many other engi- 
neering opportunities are immediately available 
for Mechanical, Electrical, and Aeronautical 
Engineers. Please send résumé outlining educa- 
tion, experience, and salary level to Technical 
Placement, Employment Department, Bendix 
Products Division, Bendix Aviation Corporation, 
South Bend 20, Ind. 


Engineers, Electronic Scientists, Metallurgists, 
Physicists, Physiologists, Pyschologists, Tech- 
nologists—The Naval Air Material Center, lo- 
cated at the Naval Base, Philadelphia, Pa., has 
vacancies in the above engineering and scientific 
positions which must be filled. The Center is en- 
gaged in an extensive program of aeronautical 
research, development, experimentation and 
test operations for the advancement of Naval 
Aviation. Engineering vacancies exist in the 
following options: Electrical, Electronics, Gen- 
eral, Industrial, Mechanical, Structural, and 
Aeronautical (various suboptions). Starting sala- 
ries range from $3,670 to $8,990 per annum. Ap- 
plication for Federal Employment, Standard 
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ny member or organiza- 


Form 57 should be filed with the Industrial Rela- 
tions Department, Naval Air Material Center, 
Naval Base, Philadelphia 12, Pa. Applications 
may be obtained from the above address or in- 
formation as to where they are available may be 
obtained from any first or second class post office. 


Engineers—Gas Turbine Engineers—Solar 
Aircraft Company in San Diego, California has 
several immediate openings for qualified engi- 
neers which represent outstanding career oppor- 
tunities. The firm has been designing, develop- 
ing, and producing small gas turbine engines for 
several years, and recently has received additional 
contracts—both for new development and pro- 
duction—which make necessary considerable ex- 
pansion of the engineering staff. Concurrent with 
the expansion of personnel, construction has, just 
been completed of a new Engineering Office Build- 
ing and a new Engineering Test Laboratory, on 
the firm’s leasehold alongside San Diego Bay 
Solar needs Mechanical Design Engineers for 
laying out new gas turbine engine configurations, 
Experimental Engineers for directing develop- 
ment test programs, and Electromechanical de- 
sign Engineers for work in air-borne controls de- 
vices and systems. These are responsible posi- 
tions, with opportunity for rapid advancement 
into openings for Project Engineers. B.S.M.E. 
or A.E. preferred, with 3 or more years’ experi- 
ence. Liberal relocation allowances. Inquiries 
will be held confidential. Write, giving résumé of 
experience to: P. M. Klauber, Chief Adminis- 
trative Engineer, Solar Aircraft Company, San 
Diego 12, Calif. 


Aircraft Structural Engineer—Annual salary 
of $7,570. Position involves conducting strength 
evaluations in civil aircraft and the preparation of 
technical instructions and information covering 
air-frame structural design criteria. Bachelors’ 
degree plus 3!/2 years’ of progressive professional 
experience required. Lacking degree, equivalent 
combination of education and experience per- 
mitted. Flight Test Engineer—Annual salary of 
$7,570. Position involves studies and prepara- 
tion of engineering flight test and flight analysis 
procedures and methods relative to performance 
and quantitative measurements of operating and 
flight characteristics of aircraft. Bachelors’ de- 
gree in aeronautical engineering plus 3!/2 years of 
progressive professional experience required. 
Lacking degree, equivalent combination of edu- 
cation and experience permitted. Applicants 
should submit Standard Form 57, Application for 
Federal Employment (available at any Post 
Office) to: Personnel Office, W-91, Civil Aero- 
nautics Administration, 16th and Constitution 
Avenue, N.W., Washington, D.C. 


Engineers—The Civil Aeronautics Adminis- 
tration urgently needs Aeronautical Engineers to 
conduct tests and studies to determine the dy- 
namic effects of crash loads on aircraft fuel tanks 
and supporting structure, and engineers to con- 
duct development projects in the field of aircraft 
power plants. Salaries range from $4,345 to 
$7,570 per annum. Inquiries or application on 
Standard Form 57, which can be obtained at your 
Post Office, should be directed to Personnel Of- 
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There is an important place for you at CONVAIR-FORT WORTH 
if you have the qualifications and desire to perform vitally essential work 
in these technical areas. 


AERODYNAMICS 


Lift and Drag Prediction of Aircraft and Missiles— 
Aerodynamic Loads—Wind Tunnel Testing— 
Performance of Aircraft and Missiles— 

Cruise Control 

Flight Test Data Analysis 


AEROPHYSICS 


Stability and Control of Aircraft and Missiles 
Analysis of Fire Control 
and Electronic Countermeasure Systems 
Systems Engi ing—Including Navigation, 
Missile Guidance, Radar and Microwaves 


STRUCTURAL ENGINEERING 


Stress and Deflection Analyses—Materials Research 
and Devel t—Preliminary Design— 

Aerodynamics of Steady and Non Steady Flow— 

Flutter Model Design—Electronic Computer Programming— 

Fatigue Problems 


Attractive openings also exist in other technical areas. 


As a division of General Dynamics Corporation, CONVAIR occupies 
an important place in the long-range development of the Nation’s aerial 
defense as well as commercial aviation. CONVAIR’S activities afford in- 
viting career opportunities for engineers, physicists and scientists — oppor- 
tunities for professional accomplishment and personal income. 


At CONVAIR-FORT WORTH you work in ideal, air-conditioned sur- 
roundings. A company-sponsored, in-plant program enables candidates to 
earn graduate degrees in Engineering. CONVAIR offers liberal travel al- 
lowance, paid vacations, excellent insurance and retirement programs. 


Fort Worth in the Great Southwest has an abun- 
dance of sunshine and dry, fresh air conducive to outdoor 
living and recreation. Within a few minutes drive of 
Fort Worth are seven large lakes which provide ample 
facilities for fishing and other water sports. 


For further details write M. L. TAYLOR 
CONVAIR Engineering Personnel Dept. ZZ 
Fort Worth, Texas 


con VA IR 


‘ A DIVISION OF GENERAL DYNAMICS CORPORATION 
ross FORT WORTH, TEXAS 


ficer, Civil Aeronautics Administration, Technical 
Development and Evaluation Center, P.O. Box 
5767, Indianapolis, Ind 


Available 


705. Aeromechanical Engineer—B.M.E. Age 
37 Fourteen years’ engineering experience in 
the aircraft industry. Last 5 years in planning, 
organizing, and directing guided missile electro- 
mechanical systems development and engineer- 
ing programs. Seven years in flight test research. 
Two years in stress analysis Currently en- 
gaged in divisional planning of guided missile 
flight control vystems programs Desires tech- 
nical administration positien in missile, aircraft, 
or allied fields. Minimum salary requirement is 
$11,000 per year. Résumé furnished on request. 


704. Aeronautical Engineer—Thirteen years’ 
aircraft experience, including stress, liaison, de- 
sign, production design, Air Force procurement, 
service, and project engineering Considerable 
staff work and coordination background. Inter- 
ested in project engineering or manufacturing 
staff position with aircraft manufacturer 


703. Jr. Aeronautical Engineer—-B.S. in Ae.E. 
and M.E., plus 14 credit hours in postgraduate 
work. Not a citizen of the United States. De- 
sires position is aircraft or jet-engine design. 
Will locate anywhere 


701. Professor—Aeronautical Engineer with 
15 years’ industrial and 4 years’ teaching experi- 
ence desires position in airplane structures with 
opportunities for teaching and research. Avail- 
able immediately 


Books 


(Continued from page 152) 


volving combustion reactions; to metallurgists 
interested in the development of high tempera 
ture materials; to physicists interested in diffu 
sion, heat transfer and fluid flow; and to rocket 
engineers concerned with combustion in rocket 
engines 

Thermodynamics from the Classic and Genera!- 
ized Standpoints. Joseph Louis Finck. New 
York, Bookman Associates, 1955 224 pp.. 
diagrs., figs. $7.50 

In the first half of this book the author treats 
of classic thermodynamics. This has been pre 
pared as a text for both advanced students and 
for those engaged in research in this and allied 
fields. Here, the difficulties and limitations of the 
classic approach have been brought into prom 
nence. The purpose is to have the reader cover 
familar ground and at the same time to develop an 
awareness which would make him cognizant of a 
need for modification and a need for an extension 
of the theory. Inthe second part of this book the 
author re-examines the foundations of classic 
thermodynamics to show that certain assump- 
tions have crept in more or less implicitly which 
seriously restrict the progressive development of 
the subject. These assumptions are considered 
in order to show how they may be removed. 
The author introduces the concept of a ‘“‘complete”’ 
system, the behavior of which is extended to 
metastable as well as to the ordinary stable states, 
in order that thermodynamics may be studied 
from a generalized standpoint and in order to in 
clude all types of ‘irreversible’ processes. Other 
topics considered are statistical thermodynamics 
and the application of quantum theory to micro- 
scopic systems. 
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